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ABSTRACT 
The process of pollen movement be.tween the population members of 
three species of insect pollinated dioecious trees is examined in 
northern Australian tropical rainforests. Flowering patterns, fruit 
production, pollinator periodicities and efficiences and the 
quantiti~s of pollen transferred to pistillate trees are described. 
Ways in which the distance between staminate and pist'ill~'e tr'ees 
~ffects pollen capture and fecundity in pistillate trees are a· lysed. 
0 . 
' 
Densities of polle~ trapped at pistillate trees are negatively 
correlated with int~r-~ex distances .and positively correlated with th~ 
I 
local density of staminate trees ia 
and Litsea leefeana. Fecundity 
negatively correlated with the local 
populations of 
is limited 
density of 
Neolitsea dealbata 
by pollination and 
staminate/_trees in 
these species. Both species flower synchronously over a 
produce massive quantities of flowers and are pollinated 
of small insects, the most effective o~ which are Dipterans. 
The effects of inter-sex distances on polJen flow and 
are greater in small pistillate trees than in larger ones. Female 
trees in the vicinity of large males enjoy access to a more abuhliant 
pollen supply than those situated within similar distances f·rom l·ess 
productive males. The amounts of pollen transported to females is 
only rel,atecl,' to male distribution where male density is below a 
certain threshold density and so pollination IS not linearly related 
to inter-sex distances. Pollination efficiency is greatest in ~reas 
of high tree density; 
likely to move 
conspecifics. 
In low density areas, pollinators are equally 
between non-conspecifics as between flowering 
I 
Diospyros pentamera trees flower more or less·synchronously over 
a longer time period. Male trees exhibit two pulses in flower 
production which are separated by a phase of non-production, 
encouraging polli,nators to move to .other, flowering trees. The trees 
are visited by a v~riety of small insects but Coleopterans transfer 
. ~ ~----- ~ pollen to pistillate trees more regularly than othe~ groups. Pollen · 
capture by females is related to the local d~nsiif of males only in 
the early flowering phase, over a time p;ri~ comparable with the 
total flowering phase in Neolitsea dealbata ~nd Litsea leefeana. 
Fecundity is not related to local male density since there is a 
relatively long period in which pollen can be disseminated among the 
female population. 
xvii 
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A large proportion of flowers produced by female 
Neolitsea dealbata and Litsea leefeana are aborted, whether pollinated 
or: not. Despite this, a relationship between fecundity and spatial 
pattern was 'discernable. The ratio of fruit to flowers is less ~ 
variable in Diospyros pentaniera females and fecundity levels are 
probably related to the allocation of resources for reproduction 
rather than defined by pollen availability. 
Pattern analyses of the spatial• distribution of dioecious and 
non-dioecious species populations reveal that dioecious species are 
consistently clustered whereas hermaphrodite species display a greater 
range of spatial patterns. The average nearest-neighbour distance in 
Neolitsea dealbata and Litsea leefeana is less than the threshold 
male-female distances at which pollen supply is reduced. Dioecious 
species also tend to be relatively common and the association between 
frequency and breeding system is discussed. 
The spatial configu~a~n of male and female t*ees governs the 
direction and distances oyer which pollen flows and is potentially 
limiting to fecundity in isolated female trees in species with brief 
flowering periods. On the other hand, high density populations, 
synchronous flowering and plant-pollinator interactions largely offset 
pollination inefficiencies. 
\ 
xviii 
l 
Acknowledgements 
Abstract 
Table of Contents 
List of Tables 
List of Figures 
List of Appendices 
Glossary 
TABLE OF CONTENTS 
Chapter 1 PATTERN AND BREEDING IN TREES 
1.1 Some relationships between spacing and breeding success. 
1.2 Breeding systems and the uniqueness of dioecy. 
v 
1.3 Relationships between breeding success and spatial pattern 
in tropical rainfqrest trees. 
1.4 Pollen supply as a factor determining fecundity. 
1.5 Plant spacing as a control of fecundity. 
1.6 Tree spacing, quantities 
transport. 
1.7 An hypothesis. 
and 
1.8 Objectives and thesis organisation. 
qualities 
Chapter 2 LOCATION AND DESCRIPTION OF THE STUDY AREA 
2.1 Physiography and climate. 
2.2 Floristics of the study site. 
,., 
Chapter 3 THE EXPERIMENTAL SPECIES 
of pollen 
3.1 Occurrence of dioecy in north Queensland rainforest tree 
species. 
3.2 Choice of experimental species and populations. 
3.3 Age and sex structures of the exp~rimental populations. 
3.4 Summary. 
Chapter 4 SPATIAL PATTERN LN POPULATIONS 
4.1 Introduction 
4.2 A desrription of radial distribution functions. 
4.3 Methods. · 
4.4 Results. 
4.4.1 Compa...,ons of RDFs between populations. 
4.4.2 Nearest neighbour analyses. 
4.5 Discussion. 
4.6 Summary. 
Chapter 5 FLOWERING PERFORMANCE AND INTER-TREE SYNCHRONY 
5.1 Introduction. 
i 
iii 
v 
ix 
xii 
xv 
xvi 
1 
3 
4 
5 
7 
7 
9 
9 
12 
13 
25 
30 
31 
36 
37 
40 
42 
49 
49 
63 
65 
66 
96 
... 
lt:\ 
:·; 
5 .2 
5 . 3 
Species descriptions. 
5.2.1 Litsea leefeana. 
?:,2.2 Neolitsea dealbata. 
5.2.3 Diospyros ~entamera. 
Flower developme~ and l~ngevit~. 
5.3.1 Diospyros pentamera. 
5.3.2 Neolitsea dealbata. 
5.3.3 Litsea leefeana. ~ 
5.4 Floweri~g synchrony. 
5.4.1 General methodology. 
5.4.2 Results. 
5.5 Dil>cussion. 
5.5.1 Flower morphology. 
5.5.2 Flower longevity. 
5.5.3 Timing. 
- ( 
5.5.4 Duration and synchrony of flowering. 
5.5.5 Reproductive output. 
5.6 Summary. ) 
Chapter 6 FLOWER.PRODUCTION AND MEASURES OF FECUNDITY 
6.1 Introduction. 
PART l:Potential fecundity. 
6.2 Potential fecundity. 
6.3 Fecundity tests in Neol\tsea dealbata. 
6.3.1 Apomixis. 
6.3.2 Tests for potential fecundity. 
6.4 
6.3.3 Open pollination. 
Fecundity tests in Diospyros 
6.4.1 Apomixis. 
6.4.2 Open pollination. 
/ ' p.entamera. 
6.5 Fecundity tests in Litsea leefeana. 
6.5.1 Apomixis. 
6.5.2 Open pQllination. 
6.6 Discussion. 
PART 2: Natural fecundities. 
6.7 Flower production and natural (? 6·.i>.,General methodology. 
6.'8.1 Flower production. 
6.8.2 Female fecundity. 
6.8.3 Density of pollination events. 
6.9 Neolitsea dealbata. 
6.9.l Flower production. 
6.9.2 Fruit production and fecundity. 
9.9.3 Density of R9llination events. 
6.10 Diospyros pentamera. 
vi 
• ... > 
2 
97 
97 
100 
104 
1()8 
108 
109 
113 
113 
113 
116 
147 
14 7 
148 
149 
150 
152 
153 
155 
156 
156 
156 
15¥. 
" 158 
·161 
161 
161 
.161 
161 
161 
164 
165 
166 
166 
166 
168 
168 
168 
172 
174 
179 
vii 
6.10.1 Flower production. 179 
6.10.2 Frtiit production and fecundjty. 
6.10.3 Density of pollination events. 
. 182 
\ 
6.11 Litsea leefeana. 
6.11.1 Flower production. 
6.11.2 Fruit production and fecundity. 
6.12 Discussion. 
6.13 Summary. 
Chapter 7 POLLEN VECTORS AND POLLEN DENSITIES 
7.1 Introduction. 
7.2 Methods. 
7.3 Results. 
7.3.1 Reliability of sticky traps. 
7.3.2 Flower visitors and pollinators. 
7.3.3 Pollinator specialisation. 
7.3.4 insect abundance. 
7.3.5 Pollen densities ~rapped. 
7.3.6 Relative efficiences of pollinators. 
7.4 Discussion. 
7.4.1. Pollinator specificity and effici~ncy. 
7.4.2 Insect and poilen ~bundance. 
7 ~4 .3 Transfer of pollen ..-t:o female trees. 
7 • 5 . s'ummary. 
Chapter 8 RELATIONSHIPS BETWEEN FECUNDITY, POLLEN CAPTURE. 
AN~ DISTRIBUTIONS, OF MALE TREES 
8.i Influences o~"1ale distributions on pollen transport and 
female f~cundities. 
PART 1 
8.2 Pattern of male trees and pollen capture and fecundities 
185 
189 
189 
192 
196 
200 
202 
203 
206 
206 
207 
210 
212 
218 
225 
230. 
230 
232 
233 
238. 
.239 
of female trees. " 242 
8.2.l Methods. 242 
8.2.2 Neolitsea dealbata. 
8.2.3 Litsea leefeana. 
8.2.4 Diospyros pentamera. 
8.2.5 RDFs of males in relation to females. 
8.2.6 Summary. 
PART 2 
8.3 The pollen dispersal process. 
8.3.1 Rate of pollen movement. 
8.3.2 Directness of pollen transfer. 
8.3\3 Summary. 
8.4 Discussion. 
,. 
243. 
249 
251 
260 
267 
270 
270 
272 
280 
281 
'~ 
1~· 
$ ~·\, 
·.•. 
~-· 
viii 
Chapter 9 DISCUSSION ~ 
9.1 Pollination efficiency and fecundity is limited by 
9 
distaqce between trees. a 
9.2 Interactions between trees and pollinators tend to 
limits to poll~n flow imposed by spatial pattern. 
9.3 The significance of pattern. 
'!:.• 
9.4 Some wider implications. 
BIBLIOGRAPHY 
APPENDICES 
'{ 
~ \) 
a ) ~ 
\\ 
. 
J. 
'' 
offset 
4 
289 
2.90 
292 
295 
297 
311 
(} 
/ 
.. 
"' 
\ 
\ LIST OF TABLES (SHORT TITLES) 
2-1 Species occurrenc_e, at six study sit'es. 
3-1 Dioecious tree species in northeast Queensland 
rainforests. 
3-2 Proportions of dioecious tree species·in several 
rainforest plois. 
() 
3-3 Sex ratios of .5 dioecious species (7 populations) in 
if' 
, north Queensland rainforests. 
4-1 Features of the mapped populations and the artificial 
populations (RAND). 
4~ Population treatments for radial distribution function 
analysis. 
4-3 Major features in the behaviQ;Ur of radial distribution 
4. functions. 
4-4 RDF features for 12 field populations and 12 
artifi~ial populations. 
4-5 Frequencies of dioecious and hermaphrodite species 
exhibiting selected RDF features. 
4-6 Chi-squared test for goodness of fit. 
4-7 Results of spatial analysis using the average nearest 
neighbour measurement. 
5-1 D. pentamera: flower counts per shoot. 
5-2 · D. pentamera: persistence of flowers and stigmatic 
5-3 
5-4 
receptivity. ~ 
Summary of aborted flower callee tio~ experiments·. 
Synchrony in flowering,initiation. 
5-5 D. pen~amera: synchrony in flo~ering peaks between 
near-neighbour male trees. ~ 
5-6 D. ~ntamera: ratio of pollinated:non-pollinated 
6-1 
6-2 
6-3 
6-4 
6-5· 
6-6 
6-7 
fl~wers trapped beneath female trees. • 
Results of hand pollination tests on flowers of two 
female N. dealbat?· 
N. 
D. 
L. 
N. 
~~albata: fruit set in open pollination. 
pentamera: fruit set in ·open pollination'. 
' . . 
leefeana: fruit set in open po1li~ation. 
dealb?ta; flower production per shoot and per 
square metre of
0
crown shadow in male ·trees. 
N. ·dealbat~flowe~ and tr~ft prodµction and fecundity·. 
. N. dealbata: correlations· between flower· producrtion 
and d:b.h. in male and female trees. 
6-8 N. dealbata: correlations between tree gir'th, ·fruit 
and flower densities ancl ftuit:flower ratios. 
,. ! 
\ 
17 
~7 
28 
33 
43 
44 
46. 
/ / 52 
5 
61 
62 
64 
110 
111 
114 
117 
1:36 
136 
159 
159, 
162 
163 
.,. 
169 
170 
171 
173 
":"' 
' 
l 
\.,1· 
.t 
:' ·: 
; 1 ) . 1. 'f 
/ 
6-9 
6-10 
6-11 
6-12 
6-13 
6-14 
6-15 
6-16 
6-17 
N. dealbata: density of pollination events per metre 
squared of branch. 
N. dealbata: correlation between flower density and 
' density of pollination events./~ 
D. pentamera: flower densities' per rep,roductive shoot 
and per metre squared of crown shadow. 
D. pentamera: correlat~On between tree size and flower 
production. 
D. pentamera: density of fruits per shoot and per 
m7tre squared 
Ti. pentamer.a: 
fecundity and 
of branch. 
correlations between fruit density or 
d.b.h. 
D. pentamera~ calculation of density of pollination 
events. 
D. pentamera: correlations between number of 
pollination events, flower and fruit density. 
L. leefeana: flower,production in male trees. 
6-18 L. l'eefeana: flower production in female trees. 
6-19 L. leefeana: fruit density, fruit:flower ratios and 
fruit:meristem ratios. 
6-20 L. leefeana: correlations between d.b.h. and fecu~dity. 
6-21 Summary of significant correlations between measures of 
" fecundity, tree girth and flowering propensity. 
' 
7-1 Sampling programme for vectors and pollen. 
7-i Density of in~ects trapped using a sticky screen and a 
' light trap in a female L. leefana. 
7-3 Flower visitors and known pollen vectors. 
7-4 Representation of families~ species and size classes in 
7-5 
7-6 
7-7 
7-8 
7-::-9 
• insect Orders as pollen vectors. 
Pollinator specialisat,ion: proportion of testtd ~cies 
scoring positive for 'home' pollen.. · 
Proportion of tested individuais carryipg 'home' pollen. 
Total number of insects per tree trappea in each 
collection interval~ 
D. penta'.mera: density of pollen trapped for ma la trees. 
D. pentamera: density of -pollen trapped for female 
trees. 
7-10 L. leefeana: average pollen densities trapped at male 
and female trees in two years. 
7-11 L. leefeana: 1983 pollen densities per insect an4 total 
pollen for one 15 ~ay sample. 
7-12 Amounts of pollen carried by three insect Orders. 
. , 
7-13 Vector reliability: proportion ·of -pos:l,tive scores for 
polle~ in three insect Orders. 
1$ ·. 
-. 
..,, 
~) 
\ 
x 
rt 
175 
176 
180 
181 
183 
184 
187 
188 
190 
191 
194 
195 
'197 
205 
205 
208 
. 209 
t• 
b 
211 
211 
213 
z20 
221 
224 
224-
227 
229 
-
\ ~-I· 
8-1 N. dealbata: significan~ correlations between f~cundity, 
pollen or insect density and locaLmale density in 
female trees. 
8-2 N. dealbata: correlations between fecundity and local 
male denstity. 
8-3 L. leefeana: significant correlations between measures 
&- • 
of fecundity, polleh'density and local male density. 
8-4 D. pentamera: Spearman's rank correlations between 
cumulative pollen densities and local male density. 
8-5 N. dealb?ta: number of male trees in conse~utive annuli 
around female trees ~ith high and low fecundities and 
cumulative values for number of males and RDF. 
<!>8-6 N. dealbata and n'. pentamera: cumulative RDF values for 
male, adult and all trees for .two groups of female trees 
with contrastin~cundities. 
8-7 N. dealbata: percentage of styles positive for pollen 
. A _,-
tubes and number "@f ·tubes per style. 
8-8 Correlations between the percentage of styl~s with 
pollen tubes or the ,mean number of tubes per style and 
distance to the nearest pollen d6nors. 
8-9 N. dealbata: pollen grains trapped"for 12 sets of male, 
female and non-target tree triplets. 
8-10 N. dealbata: pollen densities at triplet groups: 
Wi1coxon's signed-ranks test. 
8-11 N. dealbata: pollen densities at female and non-ta1rget 
trees in high and low local male densities: 
' 
) 
·I 
xi 
244 
246 
250 
252 
264 
2,65 
273 
275 
277 
278 
279 
7 
I 
~ 
"' 
LIST UF FIGURES 
2-1 The Atherton Tableland: location of study sites. 
2-2 Seasonal patterns in rainfall and tcmperaturl'S on the 
A~herton Tableland. 
3-1 Frequency of trees in a range of size (d.b.h.) classes. 
4-1 
4-2 
4-3 
5-1 
5-2 
5-J 
5-4 
5-5 
5-6 
5-7 
Arrangement of annuli with,increment size I for the 
calculation of NSIGMA and ASIGMA within a distance r from 
and individual i. 
Population maps for experim~ntal species. 
Radial distribution functions for 10 tree species (15 
popula_t_ions). 
L. leefeana: flower morphology. ;. 
L. leefeana: male and female inflorescences. 
'N. dealbata: flower morphology. 
N. dealbata: male a~d female inflorescences. 
o. pentamera: flower morphology. 
o. pentamera: male and female flowers. 
D. pentamera: mean flowers trapped per metre squared of 
xii 
15 
16 
35 
41 
68 
79 
98 
99 
101 
102 
105 
106 
,_/ 
crown shadow per day for male aqd female trees. 118 
5-8 
'-.,'f!:'l 
D :'~entamera: total flowers trapped per day for 
individual trees. 119 
5-9 N. de/ilbata: mean inflorescences trapped per metre 
squared of c1own shadow per day for male and female trees~ .123 
5-10 N. dea1bata: flower catch per metre squared of crown 
. 
shadow for individual trees. 124 
5-11 L. leefeana: mean inflorescences trappe·d per metre 
squared of crown shadow per day for male and female trees in. 
1982 and 1983. 129 
5-12 L. leefeana: flower catch per metre squared crown 
shadow per day ·for ·individual trees. 130 
5-13 o. pentamera and N. dealbata: percentage of male and 
female trees exhibiting peak flower loss. 134 
5-14 N. dealbata: Flowering synchrony in male and female 
5-15 
trees. 
o. pentamera: cumulative who~lower and corolla 
counts per metre'squared of crow? shadow per day for. ea~h 
collect ion perio/d for 7 female trees. 
5-16 o. pentamera: cross-correlograms of per.1.g_dj..e4-ties in 
male and female 1 flower fall. 
5-17 L. leefeana and N. dealbata: cro~s-correlograms of 
periodicities in male and female flower fall. 
139 
140 
145 
146 
8 
•·. 
6-la Position of insect exclosure bag on a reproduJrive 
branch. of D. pentamera. 
6-lb Method of branch area calculation for fl~wer and fruit 
density determinations. 
6-2 N.'dealbata: pollination density as a function of 
in~tial flower density in female trees. 
7-1 Sticky insect trap positioned in the canopy ~ N. dealbata. 
7-2 Sticky trap with insects. 
7-4 D. pentamera: average catches of three insect groups at 
11 male and 9 female trees. 
7-5 N. dealbata: average catches of three insect groups at 
6 male and 12 female trees. 
7-6 L. leefeana: average catches of three insect groups at 
3 male and 3 female trees. 
7-7 D. pentamera: average pollen catches at 11 male and 9 
female trees. 
7-8 N. dealbata: average pollen catches at 6 male and 12 
female trees. 
8-1 N. dealbata: 1983 pollen density as a function of 
distance to the nearest male tree. 
8-2 N. dealbata: 198.._1 pollen density as a function of the 
average ~istance to the nearest 10 male trees. 
8-3 N. dealbata: 1982 fecundity as a function of the 
distance to the nearest male tree with dbh > 10 cm. 
8-4 N. dealbata: 1983 fecundity as a· function of distance 
to the nearest male tree with dbh > lOcm. 
8-5 N~ dealbata: 1982 fecund~ty as a function of the 
average distan~e to the nearest 10 male trees. 
8-6 N. dealbata: 19?3 fecundity as a function of the 
average distance to the 10 nearest male trees. 
8-7 N. dealbata: 1983 fecundity as a function of 1982 
fecundity·. 
8-8 N. dealbata: 1983 fecundity as a function of pollen 
density. 
8-9 N. dealbata: 1982 fecundity as a function of insefct 
density. 
8-10 L. leefeana: pollen density as a function of the 
average distance to the 3 nearest male tr~es. 
8-11 L. leefeana: fecundity as a function of the average 
distance to the nearest 3 male trees. 
8-12 N. dealbata~ radial ~istri8ution functions. 
8-13 o. pentamera: radial distribution functions. 
xiii 
9 
167 
167 
17 i 
204 
204 
204 
216 
217 
219 
223 
254 
254 
- 255 
255 
256 
256 
257 
258 
258 
259 
259 
261 
263 
'· 
8-14 Cumulative counts of the average number of males 
situated within successive annuli at increasing distances 
from high and low fecundity females. 
8-15 Squashed preparation of pollen grains and pollen tubes 
growing through the stigma and style of N. dealbata 
xiv 
266 
and D. pentamera. 271 
8-16 N. dealbata: percentage of styles with pollen tubes as 
a function of distance from the nearest male tree. 274' 
•· 
10 
LIST OF APPENDICES (SHORT TITLES) 
4-la Method for testing the RDF distributions against a 
Poisson distribution. 
4-lb RDF values for successive increments (I) for the field 
populations and four populations whose spatial patterns are 
based on randomly-generated coordinate pairs. 
4-2 Results of spatial analysis using the average nearest 
neighbour measurement of Clark and Evans (1954). 
4-2 Legend. 
5-1 Litter trap areas for the experimental trees. 
5-2 Flower t9tals trapped per day for each collection 
period for female and male trees. 
6-1 Proportion of aborted styles containing pollen tubes in 
N. dealbata and D. pentamera. 
7-1 Methodology for insect and pollen sampling. 
7-la Construction and positioning of sticky insect traps. 
7-lb Light trap and fan. 
7-lc Millipore filtration unit. 
7-2 
7-3 
7-4 
7-5 
Heights of insect traps in experimental trees. 
Flower litter and insect collection dates. 
Insect counts per trap per day for individual trees and 
means for male, female and all flowering trees. 
Pollen densities per insect and total pollen for male 
and female trees. 
7-6 Pollen densities washed from 3 major Orders of flying 
insects: Coleoptera, Hymenoptera and Diptera. 
8-1 Variables used in correlations b~tween fecundity 
~ 
measures, pollen densities and male densities. 
8-2 N. dealbata: probability values for correlations 
between fecundity and distance measures. 
g 
8-3 L. lee£~ana: probability values for correlations 
between fecun~ measures, pollen density and local male 
den~ity. 
8-4 D. pentamera: probability values for correlations 
between fecundity measures, pollen density and local male 
density. 
8-5 D. pentamera: cumulative pollen densities per trap for 
each collection period. 
8-6 RDFs calculated for male, adult and all trees using 
c females with high and low fecundities as initials. 
xv 
11 
311 
312 
315 
316 
317 
318 
321 
322 
324 
32~ 
326 
327 
328 
329 
333 
337 
340' 
342 
343 
J44 
345 
346 
xvi 
GLOSSARY 
Abortion: spontaneous rejection of immature fruits (and in this 
study) flowers. 
Androdioecious: some plants with staminate flowers and some with 
perfect flowers. .. 
Anp~omonoecious: plants with staminate and perfect flowers. 
Anthesis: strictly the period of pollen release from anthers but in 
this study' it also refers to the receptive phase in female " 
flowers. 
Anthophilous: insects that feed··on pollen. 
Apomixis: the formation of seeds without fertilisation taking place. 
Conspecific: individual plants of the same species. 
Corbicula: 'pollen bask~t' - a concavity in the h~n~ legs of bees 
that is used for storing pollen. 
Density-dependent foraging: the number~ of pollinators and the amount 
of time spent foraging is directly related to the quantity of the 
resource available or to ~he density of flower~/plants . 
.. 
Dioecious: Individual plants bear flowers of only one sex (i~perfect · 
flowers). 
Fecundity: a ratio of t<be number of fruit set per flower· or other 
reproductive structure (e.g. meristem). 
Fitness: a term relating to how well an individual is ge~etically 
adapted to its environment; in 'this study it may also be used in 
the context of physiological health or robustness. 
Foreign pollen: pollen from a non-conspecific plant. 
Gynodioecious: some plants with pistillate and some with perfect 
flowers. 
Gynomonoecious: plants with pistillate and perfe~t flowers. 
( ' 
. ___.) 
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Hermaphrodite: flowers which bear both a gynoeciu~ and an androecium. 
Home pollen: pollen from a plant of the same species. 
Inbreeding depression: 
usually causes 
the inbreeding of normally cross-bred plants 
depressed vigour and viability in seeds or 
seedlings because of the increased homozygosity of deleter~ous 
genes. 
Iteroparous: plants which are lonarlived and reproduce more than once 
<luting their lifespan. 
Maternal investment: resources allocated to the maturation of seeds. 
Monoecious: a breeding system where individual plants bear ,both 
staminate and pistillate flowers. 
Obligate outcrossing: plants cannot self-fertilise.for morphological 
or physiological reasons. 
Pistillate: flower (or plant) morphologically or functionally female. 
~ Pollen carry-over: the transport of pollen from its source 
/. 
to a 
number of other trees visited sequentially by the vector. 
Pollinator constancy: the tendency for pollinators to forage at a 
single plant until the resources pecome depleted. 
Polygamodioecious; plants dioecious but with some perfect flowers on 
staminate or pistiilate plants or both. 
Polygamous: plants with perfect and imperfect flowers. 
Protandrous: with stamens or anthers developing before carpels or 
stigma. 
Proto~nous: with carpels or stigma maturing before stamens or 
anthers. 
Staminate: flower (or plant) morphologically or functionally male. 
Traplining: foraging behaviour in p~llinators 
'along direct routes between (usually) 
plants. 
which repeatedly fly 
~ 
conspecific flowering 
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Xenogamous: plants which typically cross-pollinate. 
Zoophilous flowers: flowers which show morphological adaptations to 
animal pollinators. 
\ 
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CHAPTER 1 
PATTERN AND BREEDING IN TREES 
/ 
1.1 Some relationships between spacing and breeding success. 
Darwin (1878, p. 391) made the following observation: 
'In order that distinct plants should be intercrossed, it i~ of 
course indispensible that two or more individuals should grow·near 
one another; and this is generally the case'. 
This statement embraces an assumption that long distances between 
plants inhibit cross-pollination but at the same time observes that 
conspecifics are closely grouped, thus avoiding any potential 
constraints on breeding that~are related.to spacing. Distance is a 
relative term. The effects of distance on breeding success depend on 
the biological and ecological(/ influences the ·plaqts have over one 
another and the effic.iency of th\ poll~mediatror. Nevertheless, this 
early recognition that there may~be spatially-oriented constraints to 
breeding success has heralded subseqµent interest, particularly in the 
field of speciation theory (Federov, 1966; Baker, 1959; Ashton, 
1969) and domr-ttic plant reproduction (see Levin and Kerst'er, 1974, 
for a review)'. 
This chapter introduces some relationships between spacing in 
tropical rainforest trees and their breeding $uccess and, examines 
potential restrictions to breeding in individuals.· Initially, several 
principles relevant to all sexually reP.roducing plants are examined 
and then the significance of the dioecious· breeding system is 
outlined. The discussion is more particularly concerned with 
rainforest trees from section 1.3 but references to relevant work on 
various plant types are included so that a perspective is gained on 
tropical tree studies in relatibn to plant breeding biology in 
general. 
Rainforest trees have fixed positions in space 
species-rich tropical forests, several ~nrelated trees 
between any two potential breeding partners. Yet in 
and, in 
may stand 
obligately 
outcrossing species, pollen must travel between conspecifics for 
successful reproduction. The genetic structure of the population may 
further exacerbate the problem since even neighbouring conspecific 
trees can be closely related or of like sex (in dioecious species) and 
therefore non-compatible as mates. Is pollen flow between individuals 
15 
.~· 
2 
restricted and does the spatial configuration of pollen donors in 
relation to• pollen receivers determine the r~lative breeding success 
of rainforest trees? 
Breeding is defined here ~s that part of the reproductive system 
L . . 
that produces flowers and governs the fusion of gametic nuclei from 
pollen and ovules to produce seeds. The result of breeding is seeds 
and success may be measured in terms of .. numbers of seeds matured,~ 
representing the potential for reproduction ,and replacement of the · 
parent(s). This is a rather simplistic view of success since a few 
robust seeds may have a•higher capacity t~ become establi~hed and 
survive to adulthood than a large number of inferior, perhaps inbred, 
seeds. However, in later discussion, a parallel is drawn between 
quantities ~nd qua~ities of seeds when outcome of~ing is 
considered in the light of the spacing of potential mates. All else 
being equal, a tree producing 500 mgture seeds is ten times more 
likely to reproduce itself as a surviving adult than a tree which 
produces only 50 mature seeds. 
J 
Breeding success has only dubious significance for a long lived 
tree that has the capacity to breed several times ~uring its lifetime. 
A tree is adequately successful if it reproduces {tself once aduring 
its lifespan, but an individual that reproduces itsel·:1ore than once 
''1.s more successful. In population terms, reproduc~e succe~s is 
measured as the ability to maintain a group of trees in space and ov~r 
time, but this is possible even though several individuals fail to 
breed. For the species, success is measured~· terms of genetic 
perpetuation that maintains, among its member indi iduals, an array of 
character combinations that loosely define th 'ident,ity' of that 
species. However, ev_olution ,proceeds tl\rough discrete changes in the 
off spring of individuals and clearly success for species and 
individuals has different meanings. Speciation through reproductive 
isolation 'of populations is an extreme example of the effects of 
/ 
spatial pattern on breeding performance but is not- part of the 
processes de~cribed in this thesis. 
This study is concerned with the breeding success of 
trees. It asks in what way the spatial geometry of 
population affects the reproductive successes of its 
members. 
\ ( 
\...} 
individual 
a breeding~ 
individual 
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1.2 Breeding systems and the uniqueness of dioecy. ~ 
~ 
Breeding systems in 
adaptations for effecting 
plants encompass a wide variety of 
fertilisation of ovules by pollen which, 
however, fall into three main cat~gories: 
1. Obligate outcrossers, .including self-incompatible hermaphrodites 
and dioecious plants. 
2. Facultative outcr~ssers, ·including self-compatible hermaphrodites 
but with morpholdgical (e.g. monoecy, andromonoecy, gynomonoecy, 
androdioecy, gynodioecy, polygamy) or 'behavioural' (e.g. 
protandry, protogyny) adaptations for promoting pollen flow 
O~tween plants. 
3. Facultative inbreeders (self-compatible or apomictic plants) which 
~ 
habitually self-fertilise, often because pollinator.s are rare or 
potential mates are absent. 
All these breeding systems have been described in tropical forest 
trees (Zapata and Arroyo, 1978; Bawa, 1974; Ha~ 1980;. Appanah, 
1982) and, on the present ecological time-scale, all are manifest 
because they are successful; it is not meaningful to £Onsider one 
system more 'advantageous' than another. 
In general, xenogamy is practised where there is opportunity for 
cross-pollination. That outcrossing is 'preferred' to inbreeding is 
apparent in the diverse and often extreme adaptations furthering it 
(Faegri and van der Pijl, 1971; Levin, 1971). Cross-pollination is 
generally accepted as a means by which genetic variation is maintained 
in successive generations of plants. In natural plant populations, 
the maintenance of genetic heterogeneity enables ecological plas~icity 
and long tepn evolutionary fitness or success of species populations. 
The maintenance of genetic variation should confer fitness even on a 
long-lived species in a relatively stable environment, such as the 
rainforest, because the opportunities for regeneration and 
establishment are rare. 
Dioecy is an extreme form of obligate outcrossing between plants. 
A 'dioecious population is .divided between pollen donors (staminate or 
male plants) and pollen receivers (pistillate or female plants) and 
only the latter are capable of producing seeds. The only useful 
.. 
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direction of pollen flow is from staminate to pis~illate .P~ants. 
Dioecious species lend themselves to the study of relative breeding 
success as a function.of spatial pattern since, in the absence of 
competing self-pollen, the minimum distance over whieh pollen arriving 
at the stigma has travelled can be determined. In dioecious species, 
assessment ot the balance of investment · for producing pollen an~ 
ovules does not arise since~ the two functions are performed by 
separate individuals. However, the relative costs of advertising to 
pollinators .against those of investing in viable gaipetes remain. The 
occurrence of ~ioecy can usually be established from the ~orphologicai 
or functional nature of the flowers. Although the existence of 
perfect (i.e. bisexual) flowers in the population can never be 
~ ~ 
entirely ruled out, their extreme rarity assumes their insfghificance· 
,. ' 
for the reproduction of the population as a whole. 
Spatial pattern is also likely to impose serious constraints on 
reprodiictive capacity in self~incompatible hermaphr!>dites but car,eful 
experimentation is required to . determine the presence of 
f 
self-incompatibility in outcrossing hermaphrodite trees. Even then, 
detailed examination of fertilisation processes may be necessary to 
. determine whether' failure to set fruit. is due to inbreeding depression 
(in self-compatible plants) or incompatibility. mechanisms (in 
<~ 
self-incompatible plants). Dioecious species were chosen to represent 
. . 
an oblig . ate outcrossing breeding system where the unidirectional flow 
of pollen could be moni tor'ed and, with provisos, fruit. se.t viewed as a 
measure of pollination ,efficiency., 
The genetic outcome of breeding is determined by the quantity and 
quality of pollen produced and the distances over which it t.ravels. .· 
Levin and Kerster, (1974) distinguisl\ed between potential. gene flow: 
'the deposition of pollen.... from· a ,source as a function of 
distance' and actu~l gene flow; 'the incidence of fert_ilisation •••• 
as a function o~ the distance from a source'. This study describes 
both the movement of pollen f~om donor to recipient trees and the rate 
of fruit set in female trees as functions of. distaq.ce from· .a pollen 
source and the local density of pollen sources. 
1.3 Relationships between breeding success and spatial patt~rn in 
tro~ical rainforest trees . 
. Until comparatively recently, it was generally believed that most 
tropical tree species are widely spaced in natural populations, that 
outcrossing must be a rare occurrence and that a high incidence of 
inbreeding has contributed to speciation in tropical .forests (e.g. 
Baker, 1959; federov, 1966). Hubbell (1979) has since demonstrated 
f~J 
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that most tropical' tree speciEi:.S., in a dry ~o ical forest, whether 
common or rare, are cluinped or rando~ly <lisper iU--- space. Ashton 
(1969) emphasised. the likelihood of outcross~i g between members of 
clumped populations in troprcal tairffoJests. In reviews of breeding 
systems adopted by trees in tropical lowland semi-decidu~us fore5t 
(Bawa and Opler, 1975), lowland tropical rainforest (Bawa, i979) and 
secondiry deciduous forest (Arr0yo, 1976; Zapata and Arroyo, 1978), 
the majority of species were adapted fo~ outcrossing and a large 
proportion obligately so. As yet the effect of distance between 
conspecifics on the movement of pollen in the population has not been 
examined for rainforest trees. 
Long distance travel by some pollinating fauna in the rain.forest 
has been demonstrated by Janzen (1971·, 1974), Linhart (197•3), Frankie 
and Baker (1974), Heithaus et al. (1975), Stiles (1975), Frankie 
(1976), Frankie et al. (1976) and AC'kerman et al. (1982). The 
apparent interdependance of tropical trees and their pollinators has 
led some authors to propose theories and models 'for the coevolution of 
pollinator and plant (e.g. Frankie, 1975; -Ki~ster et al., 1984). '-
Following from these observations on tree spacing and pollinator 
mobility it.. macte sup~ised ,7hat outcrossing i,s easily achieved .in the 
rainforest because conspecif:J.cs are "closely grouped" or' their 
p~llinators are capable of transporting pollen over long distances. 
Indeed, Zapata~d Arroyo (1978) concluded that fruit set in tropical 
trees is not limited by pollination. However, cross-fertilistiop 
within a population may not guarantee th~ reproductive success of all 
the individuals of that group. The tendency for unspecialised 
pollinators to remain constant to a flowering resource (Heinrich and 
R,pven, 1972) and. the fact that physi~al· barriers and competing floral 
' ' . 
displays·of unrelated trees stand between conspecefics may determine 
'. 
·to a large extent the relative successes of individual trees. The 
tree species chosen fo~ this ,study are all pollinated by a wide range 
of smallt unspecialised insects. If spatial pattern affects the 
nature of polle~ flow from male to female trees, then a correl~tion 
' ' . 
would be e~pected between male-fe~ale distances and fecundities (the 
·~J 
ratio of seeds to ovules) in fem&l~s: 
1.4 Pollen supply as a factor determining fecundity:· 
\ 
Fecundity (the ratio of seeds to ovules) is a measure of the 
degree of successful Qreeding. Factors that govern fecundity in 
plants fall into two broad categories~ those related to limited 
pollination and those related to pre- or post-zygotic abortion after 
pollination. Where fecundity is regula_ted by flower or fruit 
" 
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abortion, pollination is not normally limiting. Instead, fecundity is 
determined by mat~rnal investment in ·Seed crops which may be related 
to environmentally induced stress factors (Pin~ro and Sarukhan, 1982), 
excessive r-olll.no...hoV\, for limited resources. (Stephenson, 1984), 
selection of better quali.ty ·embryos (Stone Bookman, 1984>}, 
gametophytic inc~mpatibility systems and the disease or attack of 
immature seeds. 
b 
In fecundities that a~e limited by pollination inefficiency, 
fewer tha~the potential optimum number of sustainable ovules are 
fertilised. I:i hermaphroditic plants, competition foF physf,cal space 
at the stigma betwee9 self and outcross pollen can contribute to 
pollination inefficiencies. In dioecious. spec'ies, all pollen arriving 
at the stigma is outcrossed and potentially compatible with the 
maternal genotype (Anderson and Stebbins, 1984). Competiti-0n between 
staminate plants occurs at the stigma while females compete for the 
most vigourous pollen grains (Janzen, 1977) •. In dioecous species, 
pollination efficiency at female trees may be limited firstly by the 
number of flowers that are pollinated and secondly, the number .of 
grains deposited at the stigma (Cruden, 1976) which in turn is 
d~termined by the number of grains carried by a pollinator and/or the. 
number of visits a stigma receives. The number of grains deposited at. 
the stig~a determines seed set per fruit (McDade, 1983) and even in a 
single seeded fruit, a threshold number of grains may pe required 
before fertil,,isation is successful. 
Stephenson (1981) reviewed factors other than pollination 
" ___.. limitation that control feC'undity. slt _has been demonstrat,t?d that 
fecudity is not limited by the a ilability of pollen in the 
moth-pollinated, monocarpic Yucca w ipplei (Udov:Lc, 1981), a• 
honeyeater-I?Bllinated temperate shrub (Pyke,·. 1982), temperate, 
insect-pollinated hermaphrodi!e herbs (Stephenson, 1984; Stone 
Bookman, 1984), a bee-pollinated, dioe·cious herb (Barrett and Thomson, 
1982), a tropical shrub (Shemske, 1980) and a dioecious, tropical tree 
(Bullock~and Bawa, 1981). On the other hand, potential limitations to 
fecundity due to· pollination inefficiancies have been demonst;ated i'n · 
tem~erate herbs (Levin and Kerster, 1968; Wyatt(/~nd Helwig, 1979-; 
Gross and Werner, 1983), shrubs (Whel~n and Burbidge, 1980), trees 
(~e, 1962; Primack, 197.9) and in tropical herbs (Dobkin, 1984), 
shrubs (Augspurger, 1981; s·nander, 1978) and trees '(McDade, 1983; 
Carpenter, 1976; Appanah, 1982; Baker, 1976).. Fecundity levels 
controlled by pollen suVPlY have not yet been demo-nstrated· in 
tropical, dioecious trees. 
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Clearly, selection will favour the number of seeds which 
optimises the energy expenditure on their production and the 
probability of successful replacement of the parents. For a plant to 
be able to selectively abort inferior seeds, a larger than optimum 
flower number must be pollinated. ~ 
1.5 Plant spacing as a control of fecundity. 
Direct effects of plant den,sity, and hence the distances between 
plants, on pollination efficiency have been demonstrated in domestic 
cr9ps (Levin and Kerster, 1974), hermaphrodi~ic herbs (Platt et al., 
1974; Wyatt and Hellwig, 1919) shrubs (Silander, 1978) and orchard 
trees (Free, 1962). Barrett and Thomson (1982) failed to show a 
correlation between local'1plant density and fecundity in the dioecious 
herb Aralia nudicaulis. Similarly, fecundity Jn the dioecious 
tropical tree Jacaratia dolichaula was not correlated w~h tree 
density (Bullock and Bawa, 1981). Fecundity (tbe percei¥tage of 
flowers producing semi-mature fruits or seeds) is usually used as the 
unit with which to corre1ate plant density, notwithstanding the .fa,ct 
that differential abortion rates may alter the initial fertilised to 
" unfertilised flower ratios: The measurement of pollen movement itself 
enables more definite state7· ts to be made as to the potential 
significance of pollination eff1ciency .to fecuhdity levels. 
'Measurements of the distan9es covered by pollen between plints 
" . indicated that pollen flow is' normally restricted in space (Levin and 
! • 
K~rster, 1974; Levin et a1, 1971; Webb and Bawa, 1983;, Erlich and 
Raven, 1969). In zoophilo s plants, po~linator constancy and/pr 
relative iniinobility potenti . ly restricts inter-plant pollen flow to a 
few individuals (H~inrich, 1975; Heinrich and Raven, 1972). 
" Potential for pollen flow and outcross~ng should decrease..,as the 
distances between plants ,increase. Density-dependent' controls on 
fecundity were not detected in the dioecious herb Aralia nudicaulis 
(Barrett and Thomsoi::i, 1982) growing in dense' populati0ns .~ut other 
factors may operat~ to alleviate testrictions on- ~ollen flow in 
tropical trees such as Jacaratia dolichaul.a (B,ullock and.\ Bawa, 1981) 
which are often many metres apart. 
1.6 Tree spacing, quantities and qualities or pollen transport. 
-
TJ'le spatial configurat'ion of individuals in a P'?Pulation can 
~ determine to a large extent the number and qualities of potentlal 
mates and therefore influences relative breeding success. In 
xenogamous, zoophilous trees, breeding partners are determined by the 
distances over which their p©"llinators move. In bird pollinated 
species, br~eding partners can be fuLher apart than those pollinated 
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by insects. More inter-tree flights occur between nearest neighbours 
than between non-adjacent plants. Although pollen carry-over between 
trees may occur, the potential for transferr~ng pollen from a source 
to more than one conspecific is limited (Levin and Kerster, 1968). 
Long distance pollinations by specialised trap-lining vectors do occur 
(Janzen, 1970) but the majority of tropical trees are visited by 
small, generalist insect pollinators that exhibit density-dependant 
• foraging (Baker, 1973; . Augspurger, 1981). Optimum foraging strategy 
models for pollinators (Levin, 1978) dictate that pollinators remain 
constant to a plentiful floral resource until it becomes 
cost-effective to move to a more abundant, neighbouring supply. 
dioecious tropical trees appear to be pollinated by insects and 
.r,, 
few are reported as having specialist pollinators (e.g. Baker, 
Most 
only a 
1976; 
Bawa; l 980b). 
' Three aspects of a dioecious tree's breeding success can be 
influenced by it~ position ·relative to other members of the 
~ 
population. A p:f,stillate plant may not set any seed and a staminate 
plant may fail to donate any pollen to stigmas. Such extreme 
isolation, however, is likely to be rare since the relative positions 
of trees to one another change during the lifespan of an iteroparou~ 
individual; as more treeg become reproductively mature within an 
individual's neighbou,rhoo.d, so its chances of "finding" compatible· 
mates change with time. 
Secondly, the proximity of a female to a male may determine 
fraction of the optimum number of flowers are pollinated. 
proportion of a male tree's comprewent of pollen grains that 
target sttgmas is determined by the distance between it's anthers 
the fe1Jffile's stigmas. 
, I ' 
what 
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Thirdly, if a female tree has access to pollen from a wide 
variety of sources, including the most vigorous males in a population, 
the chances of maturing high quality seed should be imprQv,e~"- If more 
than the 'optimum' number of flowers.. are fertilised, the. highest 
quality embryos may be matured in preference to less fit on~s. It 
would be reproductively advantageous for pollen to be disseminated in 
as many directions and to as many females as possible so maximising 
the number of seeds and seed qualities sired. ·Both male and female 
trees should benefit by growing in a contagious group, · several of 
whose members are within 'pollinator radius' of a single individual. 
' ' 
The spatifgl relationship an iteroparous tree has with other 
members of the population will naturally change during its lifetime 
~and therefore its potential breeding partners will also change over 
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time. However, a female which habitually mates with several fit males 
and produces seeds with high survival potential for a variety of 
establishment sites will always be fitter or more successful than a 
female that has her entire seed component sired by a single, perhaps 
less fit, male. 
In clumped populations, a larger variety of matings is possible~ 
than in a widely dispersed population, modified by the normal flight, 
capabilities of the vectors. Trees near the centre of a group would 
be expected to,_ have more breeding partners than 'those on the 
periphery. Inter-group matings will also be possible between clusters 
in a common species. " 
1.7 An hypothesis. 
,.,q: 
It is predicted that in insect pollinated dioecious tropic;l 
rainforest trees the quantities of pollen reaching female trees, and 
ultimately their fecundities, are related to the positions and 
densities of'\male trees in the population. The problem is addressed 
from the point 6f view of the effects of population pattern on the 
fecundity of individuals. In relating, the pr()blem specifically. to the 
s~ale of the population, many details of insect-plant interactions 
have no~ been considered. The prio~ity throughout the studj is to 
depict the mechanisms involved in successful breeding of trees within 
populations, rather than to describe detailed relationships between 
flowers and their pollinators. 
Throughout this <~thesis, br.eeding success is measured in terms of 
pollen arrival• at, and fecundity in, pistillate trees. It is more 
convenient to measure pollen arrival at trees and the propdrtion of 
flowers that produce seeds than it is t9 determine how many pollen 
grains are dispersed, and to which p!stillate trees they go, f~om a 
given staminate tree. The implications of the effects of spatial 
pattern on the outcome of breeding are, however, similar for both 
pistillate and staminate trees. 
1.8 °"jectives and thesis organisation. 
The broad 
pattern-related 
breeding success 
and secondly 
aims of this thesis are firstly to describe 
constraints on pollen transport and, potentiaily, 
of some insect pollinated tropical dioecious trees 
to identify relationships between flowering and 
ppllination syndromes that effectively minimise those limitations. By 
com~aring the relationshps between pollination and spacing in three 
species, aspects of the reproductive processes that are specifically 
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associated with dioecious trees may be identified. This was achieved 
by: 
<I 
1. Monitoring flowering propensity and synchrony in male and female 
trees. 
2. Measuring fecundities in female trees. 
3. Identifying and rec~rding the abundance of pollinator groups at 
' . 
trees during the flowering period. 
·4. Measuring amounts of pollen carried by insects from male to female 
trees~ 
5. Correlating amounts of pollen arriving at female trees and their 
respective fecundities with aspects of male spatial pattern. 
6. Recording the-...proportion of styles holding pollen tubes in females 
situated in different male densities after a known period of 
flowering. 
7. Testing the likelihood of pollen arriving at females in high and 
low male densities. 
Data presented in the thesis were collected from tropical 
rainforest\ on the Atherton Tableland, north Queensland, Australia; 
the area and study sites are described in chapter 2. In chapter 3, 
the known occurrence of dioecy in tree species in these forests is 
documented and an account is given of the population structure of 
three experimental species. A description of the spatial pattern of 
the experimental populations is given in chapter 4 ~d a comparison is 
made with patterns exhibited by non-dioecious species. 
The~flowering process is describ~d for a sample of mal~ and 
female trees in chapter S where the timing and duration of flowering 
and the significanc~ of inter-tree synchrony for pollen flow is also 
discussed. In chapter 6, the flowering ptopensity of male and female 
trees, and the potential and ac~ual fecund~ty of female trees growing 
in natural populations is analysed. The identificat,1,.on and abundance 
of the pollinating fauna is documented in chapter 7. The efficiency 
with which different pollinator groups transfer pollen to female trees 
is tested and an account given of the\amounts of pollen arriving at 
female trees situated in a variety ~f male densities. In chapter 8 
the quantities of pollen arriving at female trees and their respective 
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fecundities are correlated with various aspects of local male tree 
density. An attempt is made to specify the degree to which spacing 
affects fecundity levels in female trees. Finally, in chapter 9, the 
implications of spatial pattern for tree breeding are summarised and 
various features of the flowering and pollination processes are 
proposed as mechanisms that interact to alleviate potential 
limitations to pollen flow. ~ 
\ 
\-' 
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CHAPTER 2 0 
LOCATION AND DESCRIPTION OF THE STUDY AREA 
In Australia, r~inforest is distributed as a series of disjunct 
patches along the east coast, encompassing, from south to north, 
temperate rainforest in Tasmania, warm temperate forest and 
sub-tropical forest, through to tropical rainforest on Cape York 
Peninsula. Less continuous monsoon forest pockets occur across 
northern Australia. Descriptions of the Australian rainforest\t:ypes 
are given by' Webb and Tracey (198~a) and Webb et al. (1984). The 
field data for this study were collected in tropical rainforest on the 
Atherton Tableland and adjacent ranges in northeast Queensland 
(Fig. 2-1). 
2.1 Physiography and climate. 
' 
The ·Atherton Tableland, approximately 17°5 and 145°50'E, is 
forme~ by late Cainozoic basalt flows and pyroclasts (de Keyser, 
1964). Altitude ranges from 330m in the north to 900m in the south. 
The Tableland is bounded to the west by the Herberton Range, an 
extension of the Great Dividing Range, which is a gFanitic highland 
with deeply incised valleys reaching• a maximum altitude of 1300m. 
Between the Tableland and the lowland coastal plains is the· Bellenden 
Ker Range, composed mainly of metamorphics and granites, reaching a 
height of 1608m at the peak of Mount Bartle Frere. A more detailed 
description of the area can be found in de Keyser (1964) and Kershaw 
( 19 7 3) ·. 
The climate is regionally controlled by the subrtropical high 
pressure belt forming south1easterly trade winds. The inter-tropical 
convergenc~ zone (I.T.C.V.) forms a perturbation belt in the region 
during the summer, drawing in to the area moist, unstable air masses • 
. Most rain, including short intense sto,rms, falls from January to 
March, and tropical cyclones occasionally move onto the coast during 
the wet season. May and June are characterised by light drizzle with 
cloud and the marked dry season extends from July to October. Mean 
annual temperatures are' 25 .O ° C (maximum) and ·15 .5°C (minimum) and mean 
monthly temperatures increase with increasing rainfall (Fig. 2-2). 
Nix and Kalma (1972) relate in gre~ter detail the climatological 
influences in the area. 
26 
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2.2 Floristics of the study sites 
The distribution of rainforest in the Atherton Tableland area is 
shown in Fig. 2-1. Vegetation history of the ar~a during the late 
Quaternary is described by Kershaw (1973). 
composed of rainforest patches lying in a 
woodland types dominated by Eucalyptus species. 
Natural vegetation is 
matrix of sclerophyll 
Forest diversity is 
related to soil type, relief, rainfall and, on a smaller scale, fire 
patterns. Clearance of rainforest and open forest since European 
settlement in the last century has produced a more dissected patchwork 
of rainforest, open forest and arable land but with ~xtensive forest 
stands remaining in the highlands. 
~ Descrip~ions of the distribution of rainforest types in northeast 
Queensland can be found in Webb (1959, 1968), Webb and Tracey (198lb) 
and a concise summary of the latter clasS<ification in Tracey (1982). 
On ths Atherton Tableland the-main forest type is complex notophyll 
vine forest (CNVF type Sb after Tracey, 1982), w~ich occurs on 
basalts. The study plots established in this forest type are the 
':<· 
Curtain Fig (State Forest no. 452); Wongabel Track and Wongabel 
Forest (State Forest no. 191); Lake Barrine (Lake Barrine National 
Park no. 398); and Halloran's Hill (Environmental Park) plots. 
CNVF is characterised by a canopy of 25-45m with scattered 
deciduous trees. Halloran's Hill is the driest of the Tableland plots 
and contains a relatively large proportion of deciduous trees. 
Several canopy species drop leaves during the dry season and many 
understorey species exhibit wilting in the Curtain Fig, Halloran's 
Hill and Wongabel sites in the driest.months of the year. The forest 
at Lake Barrine, further east, shows the leas·t symptoms of moisture 
stress. Epiphytes are rare and generally confined to the upper 
branches. The climbing palm Caiamus caryotoides is prevalent at all 
these sites 
Hodgkinsonia 
cauliflory 
Table 2-1. 
and the dominant understorey shrub is characteristically 
frutescens. P"lank bu tresses, strangler figs and 
are present. Tree species for each site are listed in 
The dominant rainforest type in the Herberton Range is simple , 
notophyll vine forest (SNVF, type 8), typically on the low17r slopes 
and rainforest edges with simple microphyll vine-fern forest (SMVFF, 
type 9) characteristic of.the cloudy moist uplands on granites. The 
Moomin study plot (Herberton Water Reserve) is situated in this forest 
type. The canopy is 20-25m with emergent Agathis atropurpurea in 
patches. There are two tree layers, leaves are evergreen, mostly 
microphyll but notophyll leaf types are well represented towards the 
27 
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rainforest edge. Plank buttresses occur occasionally and epiphytes 
are common in tree crowns and on the lower branches. Slender lianes, 
tree palms and tree ferns are abundant. The ground layer is 
characteristically dense. A list of tree species with a dbh of > 
5.0cm is given in Table 2-1. 
Low scale, selective logging has taken place in all the forest 
sites in the past, with Lake Barrine, Curtain Fig and Moomin being the 
\east disturbed, (G. Stocker, pers. comm.). The Wongabel Track site 
is almost entirely secondary regrowth forest and forms a buffer zone 
between an Araucaria cunninghamii plantation and arable land. 
Wongabel forest site also abuts onto the plantation and forms a less 
disturbed strip between this and cultivated land. The Curtain Fig, 
Lake Barrine and Halloran's Hill study plots are all surrounded by 
unbroken forest. The Moomin site extends on one side to the 0 
rainforest boundary with wet sclerophyll forest. 
The layout of the plots is described· in chapter 4 (Fig. 4-2). 
The occurrence of dioecious species at each study site and the 
structure of the experimental populations is discussed in the 
following chapter. 
\ 
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Table 2-1 SPECIES OCCURRENCE AT SIX STUDY SITES 
'\l' 
B: Lake Barrine C: Curtain Fig T: · Wongabel Track 
W: Wongabel Forest M: Moomin H: Halloran's Hill 
B C T W M H 
ALANGIACEAE 
Alangium villosum (Bl.) Wang 
/' 
ANACARDIACEAE 
Blepharocarya invqlucrigera F. Muell. 
+ 
+ ) 
++ 
Euroschinus falcata Hook. f. (__ + + + 
ANNONACEAE 
Haplostichanthus johnsonii F. Muell. 
APOCYNACEAE 
Alstonia mu~llerana Domin 
Alstonia scholaris (L.) R.Br. 
Cerbera inflata S.T. Blake, 
Neisosperma poweri, (F.M. Bai1.)-F~er$ ~Sachet 
ARALIACEAE 
Delarbrea michiea.na F. Muell •. 
Polyscias elegans (C. Moore & F. Muell.) Harms. 
Schefflera actinophylla (Endl.) Harms. 
+ 
+ 
+ + 
+ 
+ 
++ 
+ 
+ 
ARAUC.ARIACEAE 
Agathis 1'l>usta 
); 
(C. Moore ex F. Muell.) F.M. Bail.+ 
ARECACEAE 
Archontophoenix alexandrae H. Wendl. & Drude +· 
BALANOPS IDACEAE 
Balanops aus'traliapa F. Muell. 
BORAGINACEAE 
Ehretia acuminata R. Br. + 
BURSERACEAE 
Canarium muelleri F.M. Bail. + 
+ 
. + 
+ 
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.. 
{ C~LASTRACEAE 
~tenus disperma (F. Muell.) Loesen. 
Siphonodon mem~ranaceus F.M. Bail. 
COMBRETACEAE 
Terminalia sericocarpa f. Muell. 
CORYNOCARPACEAE 
Corynocarpus cribbianus (F.M. Bail.) L.S. Smith 
CUNONIACEAE 
Ceratopetalum succirubrum C.T. White 
Gillbeea adenopetala F. Muell. 
+ 
++ 
+ 
+ 
+ 
+ 
Pseudoweinmannia lachnocarpa (F. Muell.) Endl. + 
Schizomeria ovata D. Don. + 
CUPRESSACEAE 
Callitr:Ls macleayana (F. Mue·ll.) F. Muell. 
EBENAGE:AE 
Diospyros cupulosa· 
Diospyros pentamera 
& F. Muell. 
F. Muell. ++ 
(Woolls & F. Muell.). Woolls 
_x--. .. 
ex Heiry 
ELAEOCARPACEAE 
i. 
Elaeocarpus angustifolius Blume 
Elaeocarpus coorangooloo J •. F. Bail. & C. T. White 
Elaeocarpus~largiflorens C.T. White 
Elaeocarpus ruminatus F. Muell. 
Sloanea australis (Benth.) F. Muell. 
Sloanea langii F. Muell. 
Sloanea macbrydei F. Muell. 
ESCALLONI.i}CEAE 
Polyosma hirsuta C.T. White 
+ 
+ 
+ 
+· 
++ 
·+ 
+ + 
Polyosma rhytophloia C.T. White & W.D. Francis + 
EUPHORBIACEAE 
+ 
+ 
+ 
/ 
++ 
+, 
+ 
Aleurites moluccana (L.) Willd. 
Antidesma bunius (L.) Spreng 
Antidesma erostre f. ·Muell. 
Antirhea tenuifolia F.~uell. 
++++ 
/? 
Cleistanthus semiopacus F. Muell. ex Benth. 
Croton insularis Bail!. 
+ 
+ 
+ 
+ 
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+ 
+ 
+ 
+ 
+ 
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.,, 
.("' 
' 
--·---
..-
19 
Fontainea picrosperma C.T. White 
Glochidion fe+dinandii Domin 
~-.__; 
Glochidion sp'. 
Macaranga inamoena (F.M. Bail.) F. Muell. 
Mac?ranga subdentata ·Benth. 
Mallotus mollissimus (Geisel.) Airy shaw 
Mallotus ph1lippensis (Lamk.) Muell. Arg. 
' Mallotus polyadeµos F. Muell. 
EUPOMATIAOEAE 
Eupomatia Jaurina R. Br. 
FLACOURTIACEAE ". ·, 
Ca'Searia dallachii F. Muell. 
Scolopia braunii (Klotzsch) Sleum~ 
\ 
FLINDERSIACEAE 
Flindersia l5our jotiana ti . Muell. 
+ 
+ 
+ + 
+ 
+ + + + 
+ + 
" ++ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
Flindersia brayleyana F. :t::[uell. + + + +<-
Flindersia pimenteliana F. Mue11. + .;~ /. 
Flindersia schottiana F. Muell. + 
HIMANTANDRACEAE 
Gal bulimima belgravea'na .< F. Muell.) T.A. Sprague + 
ICACINACEAE 
. 
Bauerella simplicifolia (Endl~) HartleyJ: + 
Citronella smythii (F. Mu~ll.) Howard + 
Irvingbaileya australis (C.T.''White) Ho d A + 
Pennantia cunninghamii Mrers. + 
LAlJRACEAE 
Beilschmiedia b~ncroftii (F.M. Bail.) ,c.T. White 
Beilschmiedia sp. aff, obtusifolia 
(~. Muell~ ex Meissn.). 
Beilschmiedia sp,'aff, Qligandra 
Cinnamomum laubatii F. Muell. 
' if 
Cryptocarya angulata C.T. White 
' cinnamomifolia Benth. Cryptocarya 
<.\ 
Cryptocarya corn,1gata C.T. White 
Cryptocarya glabella Domin 
F. Muell. 
Smith 
Cl 
& w.D. Francis 
+ 
+ 
+ 
+ 
+ 
+ 
. +- -
++ 
+ 
+ 
+ 
Cryptocarya h.yp,ospodia 
Gryptocarya mack,innonJana F. Muell. 
Cfyptocarya0 murrayi F. Muell. 
Cryptocarya rigida Meissn~ 
+ + + 
+++ 
+ 
+ 
., 
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'' 
Cryptocarya triplinervis R. Br. 
Endiandra cowleyana F.M. Bail. 
Endiandra hy2otephra F. Muell. 
Endiandra longipedicellata C.T. White & 
+ 
+ + 
+ 
W.D. Francis + 
Endiandra muelleri Meissn. 
Endiand~a palmerstonii (F.M. Bail.) 
(:3 
C.T. White & W.D. Francis 
Endiandra pubens Meissn. 
Endiandra sankeyana F.M. Bail. 
E~diandra tooram F.M. Bail. 
Litsea bindoniana F. Muell. 
Litsea leefeana (F. Muell.) Merr. 
Litsea reticulate (Meissn.) F. Muel1. 
Neolitsea dealbata (R.Br.) Merr: 
( 
LEGUMI,NOSEAE 
Acacia aulacocarpa A. Cunn. ex Benth. 
Archidendron vaillantii F. Muell. 
++ 
+ 
+ + + + 
,+ + + 
+ 
+ 
+ .. + + + + 
++ 
+ 
+ 
+ 
)+ 
Castanospermum australe 
Pithecellobium pruinosum 
-Erythroxylum ecarinatum 
A. Cunn. & Fraser ex Hook.++ + + 
Ben th. + 
Burck 
MELIACEAE-
Aglaia f er~uginea 
Aglaia sapindin~ 
C.T. White & W.D. Francis. 
(F. Muell.) Harms 
Dysoxylum decandrUJ)l (Bico.) Merr. 
Dysoxylum klanderi F. Muell. 
Dysoxylum sp. aff,' D. klanderi'F. Muell. 
Dysoxylum micranthum Merr. & Perry ~ 
Dysoxylum oppo8'tifolium F. Mueli-..- ex C.DC. 
Dysoxylum pettigrewianum F.M~ Bail. 
Dy~ox~um rufqm (A. Rich.). Benth~ 
Dysoxylum schiffneri F. Muell. 
Melia azedarach v~r. australasica 
~ 
(A. Juss.) DC. 
Pseudocarapa nitidula (Benth.) Merr. & Perry 
Toona australis (F. Muell.) Harms 
MONtMIACEAE \ 
Daph'nandra repandula F. Muell;_ 
++ 
+++ 
++ + 
+, 
+ 
+ 
+ 
+ 
++ 
+ 
+ + 
+++t 
++ + 
+++ 
-~· e.~ ,· 
++++ 
++ 
20 
+ 
+ 
+ 
+ 
Doryphora aromatica (F.M .. Bail.)1.L.S. Smith 
Hedycarya loxocarya ~Benth.) W.D. ancis 
Tetras,xhandra laxiflora (Benth.) P k. 
+ 
c 
Tetrasynandra pubescens (Behth.) e"rk. 
Wilkiea angustifolfa &Perk. 
Q 
+ + 
+ 
+ + 
34 
MORACEAE 
Ficus copiosa Steud. 
Ficus congesta Roxb. 
Ficus destruens F. Muell. ex C.T. White 
Ficus fraseri Miq. 
Ficus leptoclada Benth. 
Ficus obliqua G. Forst. 
Ficus pleurocarpa F. Muell. 
Ficus septica Burm. f. 
Ficus virens Ait. 
F~cus watkinsiana F.M. Bqil. 
Ficus sp. 
Streblus pendulinus F. Muell. 
MYRISTICACEAE 
· Myr:$tica insipida- R.Br. 
MYRrACEAE 
Acmena smithii (Poir.) Merr. & Perry 
Acmenosperma claviflorum (Ro~b.) Kausel 
'""' Aust~omyrtus dallachiana (F. Muell. ex Benth.) 
L.S. Smith 
Austromyr~u~ hillii (Benth.) Burrett 
Austromyrtus snepherdii '(F. Muell.) L.S. Smit•h 
Pilidiostigma tropicum L. S .. Smith 
Rhodamnia costata A.J .. Scott 
Rhodamnia glauca Bl.· 
Rhodomyrtus macrocarpa Benth. 
·~ 
Rhodomyrtus trineura F. Muell. ex Benth. 
Syzygium cormiflorum (F. Muell.) B.Hyland 
Syzygium dictyophlebium Merr. ~Perry 
\ Syzygium johnsonii (F. Muell.) B. Hyland 
Syzygium kuranda (F.M. Ba~l.) B. Hyland 
Syzygium luehmannii (F. Muell.) L. Johnson 
Syzygium canicortex B. Hyland 
Syzygium wilsonii (F. Muell.) B. Hyland ssp. 
. cryptophlebium (F. Muell.) B. ~Hyland 
OLEACEAE 
Apodytes brachystylis F. Muell. 
G~eliria fasciculifloia Benth. 
PANDANACEAE 
Pandanus monticola F. Muell. 
+ 
+ 
·+ 
++ 
+ 
++ 
+ 
~t + 
+ 
+ 
+ 
++ 
+ 
+ 
+ 
+ 
+ 
++ 
+ 
+ 
+ 
+ 
+ + 
+ + 
+ + +"+ 
+ 
+ 
+ 
+ 
+ 
~+ 
+ 
+ 
+ 
+ 
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+ 
+ 
+ 
+ 
+ 
+ 
+ 
/ 
PITTOSPORACEAE 
Hymenospol\um (lavum (Hook.) F. Muell. 
Pittosporum sp.(=RFK/2369) 
Pitto~porum rubiginosum A. Gunn. 
PODOCARPACEAE 
Podocarpus amarus Bl. 
PodocariPus neriifolius 
I 
POLYG~ACEAE \ 
D. Don. 
Xanthophylum octandrum (F. Muell.) Domin 
PROTEACEAE 
Athertonia diversifolia (C.T. White) 
L. Johnson & Biggs 
Cardwellia sublimis F. Muell. 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
Carnarvonia araliifolia F. Muell. + 
Darlingia darlingiana (F. Muell.) L. Johnson + 
Helicia nortoniana F.M. Bail. + 
• Lomatia fraxinifolia F. Muell. 
9reocallis wickhamii (W. HiH & F. Muell.) Sleum. + + 
Stenocarpus reticulatus C.T. White 
Stenocarpus sinuatus (A. Cunn.) Endl. 
RHAMNACEAE 
Alphitonia whitei Braid 
Emmenosp~rma alp hi toaioides F. Muel'l. 
RUBIACEAE 
+ 
+ 
Canthium coprosmoides F. Muell. + + 
Gardenia ovularis F.M. Bail. + 
Randia fitzalanii (F. Muell.) F. Muell. ex Benth. + 
Rapane~ $essilis F~ Muell. + 
J\UTACEAE 
Acronychia acidula F. Muell. 
Acronychia acronychioides (F. Muell.) 
Acronychia laevis J.R. & G. FQrst. 
+ + 
'l(rombya platynema F. Muell. 
C~usena brevistyla Oliv. 
Euodia bonwickii F. Muell. 
Euodra elleryana F. Muell. 
Euodia haplophylla F. Muell. 
Euodia vitiflora F. Muell. 
Hartley + 
+ 
+ 
+ + 
+ 
+ 
+ 
+ 
+ 
+ 
22 
+ 
++ 
+ + 
+ 
+ + +~ 
+ 
+ 
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Euodia sp. (=RFK/329) 
Geijern salicifolia Schott 
Halfordia scleroxyla F. Muel(=' ~ 
Melicope farearr2l Engl. 
Zanthoxylum veneficum F.M. Bail~ 
ROSACEAE 
Prunus turnerana (F.M. Bail.) Kalkman 
SAPINDACEAE 
Arytera divaricata (F. Muell.) F. Muell. 
~ Arytera lautererana (F.M. Bail.) Radlk. 
Castanospora alphandii (F. Muell.) F. Muell. 
Cupaniopsis foveolata (F. Muell.) Radlk. 
+ "' 
+ 
+ 
+ + + 
+ 
+ 
+ 
++++ 
+ 
Cupan'!<'rpsis serrata (F. Muell.) Radlk. + + 
Diploglottis diphyllostegia (F. Muell.) F.M. Bail. + + + 
Guioa acutifolia Radlk. in Sitzb. 
Guioa lasioneura Radlk. in Sitzb. 
Harpullia pendula Planch. ex F. Muell. 
+ 
++ 
++ 
Mfschocarpus grandissimus Radlk. + 
Mischocarpus lachnocarpus (F. Muell.) Radlk. + 
Mischocarpus pyr.iformis (F. Muell.) Radlk. + 
SAPOTACEAE 
Planchonella brownlessiana (F. Muell.) Royen + 
23 
+ 
+ 
.. 
Planchonella obovoidea H.J. Lam 
Planchonella xerocarpa (F. Muell. ex Benth.) 
H.J. Lam 
++ + 
Synima cordieri (F. Muell.) Radlk. 
Toechima erythrocarpum (F. Muell.) Radlk. 
SOLANACEAE 
Solanum mauritianum Scop. 
STERCULIACEAE 
Argyrodendron peralatum (f.M. Bail.) H.L. Edlin 
ex I.H. Boas 
Argyrodendron trifoliolatum F. Muell. 
Brachychiton acerifolium F. Muell. 
Firmania papuana Mildbr. 
Sterculia laurifolia F. Muell. 
SYMPLOCACEAE 
Symplocos cochi-0chinensis (Lour.) S. Moore ssp. 
-"'- thwaitesii (F. Muell.) Noot. 
+ 
+ 
+ 
+ 
++ 
+ 
++ 
+ 
+ 
+ 
+ 
+ + 
+ 
+ 
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TllEACEAE 
Ternstroemia cherryi (F.M. Bail.) Merr. ex J.F. Bail 
& c.T. White + 
THYMELEACEAE 
Phaleria clerodendron F. Muell. 
ULMACEAE 
Aphananthe philippinensis Planch. 
URTICACEAE 
Celtis paniculata (Endl.) Planch. 
Dendrocnide photinophylla (Wedd.) Chew 
Trema orientalis (L.) Bl. 
VERBENACEAE 
Gmelina fasciculiflora Benth. 
Vitex acuminata R. Br. 
+ 
+ 
+ 
+ + + + 
+ 
+ 
+ 
. ' 
24 
+ 
+ 
+ 
38 
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CHAPTER 3 
THE EXPERIMENTAL SPECIES 
Introduction I 
This chapter outlines various features of the species populations 
that are relevant to the discussion of relationships between breeding 
and spatial pattern. The occurrence of dioecy in the North Queensland 
rainforest is of interest for two reasons. Firstly, the findings can 
be compared with those reported in other tropical forests. Secondly, 
it allows some persgective to be gained on the numbers and types of 
species and individuals that employ the dioecious breeding habit in a 
complex forest community. 
The conditions under which the experimental species populations 
were chosen are included to illustrate some constraints to stu~ying 
ecological processes in rainforest trees on a population scale. 
The population characteristics (i.e. age and sex structures) of 
a species are the long-term reflection of the outcome of the 
reproductive processes. While population densities and spati~l 
pattern are the direct results of the mechanisms of seed dispersal and 
germination, seedling establishment and survival, a ,reproducing 
population is a sign that the breeding process 0 continues to be a 
successful one. Age or size at which indivitluals become 
reproductively mature, the ratio of males to females and densities of 
potential breeding partners, form the basic material on which the 
breeding system operates; 
3.1 Occurrence of dioecy in north Queensland rainforest tree species. 
A list of tree species known to be dioecious in north ~ensland 
rainforest is given in Table 3-1. The source reference for rainforest 
flora was Hyland (1982). In{ormation on floral morphology was sought 
in the literatur~(Bentham and Mueller, 1863; Mueller, 1875; Bailey, 
1899-1902; Bailey, 1909; Francis, 1929; de Wit, 1966; Hutchinson, 
1967; Clifford and Ludlow, 1972; Heywood, 1978), herbaria (CSIRO, 
Atherttin and Canberra; National Botanic Gardens, Canberra), some 
field investigation and communication with A. Irvine. 
Only species known to carry flowers of different sex on separate 
trees .were listed. No species described as having trees w~th 
hermaphrodite or merely unisexual fl~;s or polygamo-dioecious trees 
·. ·~-~r·--
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' were included. Several species appearing' in ' Table 3-1 were not 
described as dioecious but, on examination, were found to be so. 
Since a thorough examination of floral morphology and function could 
not be undertaken for all ambiguously described species, the list is 
undoubtedly incomplete. This preliminary list represents only 3.5% of 
the 799 species described in north Queensland rainforests by Hyland 
(1982). 
Several families in the list are likety to contain more dioecious 
species than indicated but since famiYies such as Euphorbiaceae, 
Meliaceae and Monimiaceae are known to contain several monoecious, 
polygamous, hermaphroditic or functionally dioecious species (e.g. 
Styles, 1972), an examination of the flowers of all is required 'to 
I 
confirm the true proportion of dioecious species. 
Bawa and Opler (1975) list several dioecious genera from Costa 
' ' 
Rica, for example, Bursera (Burseracea), Cordia (Boraginaceae), 
Erythroxylum (ETythroxylaceae), · Pisonia (Nyctaginaceae), Randia 
(Rubiaceae), and Zanthoxylum ·(Rutaceae) which ·also occur in north 
Queensland fqrests but are not known as dioecious genera there. 
However, some -bf the. spe.cies l~sted by Bawa and Opler have trees with 
perfect, stamir{ate and perfect,. or pistil~ate and perfect flowers and 
as such would not be classf~ed as truly dioecious in the Rresent 
study. Undoubtedly, as more species of the Australian rainforest tree 
flora are examined, an increasing number of species with 
morphologically perfect.but functionally unisexual flowers will be 
described as, 
(L. Jessup, pers~ 
for example, 
comm.). 
in Celastraceae and Anacardiaceae 
The proportijl~: of dioecious tree· species 
( 
percentages of all species for six study plots 
reasops discussed above, the 
underestimates. Species lists 
Table 2-1. 
figures are 
for the six 
were calculated as 
(Table 3-l);"'\. For the 
expected to be 
sites are given in 
Estimates for dioecious species are small (range ~-8%) at four 
sites but markedly greater (17-19%) at the two remain1ng OI_les. High 
incidences of dioecyi are associated with low species diversity. 
Species surveys at Wongabel Track and Halloran's Hill w,ere not. 
systematic and seve~al rare species may have been missed ?ut the 
species complement at these sites may be expected to be relatively 
low. Wongab~l Track is a disturbed rainforest margin where many crl 
the ·species are characteristic of secoµdary regrowth forest, with a 
low species number but high density of trees.· Halloran's Hill is a 
semi-deciduous forest, a drier, species-poor exampl~ of complex 
,. 
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Tnble 3-1 Dioecious tree species, in northeast Queensland rainforests 
(a minimum estimate), pollination agent and ecological habit • 
. 
Family Species 
'Balanopsidaceae Balanops australiana 
Ebenaceae 
Euphorbiaceae 
Dio~pyros australis 
D. cupulosa 
D. ferrea var. reticulata 
D. hebecarpa 
D. pentamera 
Antidesma bunius 
A. erostre 
Bischofia javanica 
Fontainea picrosperma 
Mallotus philippensis 
Hylandia dockrillii 
Flacourtiaceae Baileyaxylon lanceolatum 
Canarium ovatum 
Lauraceae 
Meliaceae 
Monimiaceae 
Podocarpaceae 
Litsea bindoniana 
L. glutinosa 
L. leefeana 
L. reticulata 
L. sp. (=AF0/390) 
Neoli tsea dealbata 
N. australiensis 
Pseudocarpa nitidula 
Hedycarya loxocarya 
Podocarpus amarus 
P. dispermus 
P. ladei 
P. neriifolius 
P. sp (AF0/2398) 
1 pers. obs. 
2 C.S.I.R.O. unpubl. information 
3 Hopkins and Graham (1984) 
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Tab1e 3-2 Proportions of dioecious tree species in several rainforest 
p1ots. 
Forest 
2° deciduous forest, 
Venezuela 
Author 
Zapata & 
Arroyo (1978) 
(Including 
shrubs & vines) 
Lowland tropi~al rainforest, Bawa (1979) 
Costa Rica 
Lowland, semi-deciduous 
forest, Costa Rica: 
P1ot I 
Plot II 
Plot III 
Plot IV 
Overall 
Mid altitude complex 
mesophyll vine forest: 
I Curtain Fig plot 
II Wongabel Forest plot 
, III Barrine Plot 
Semi-deciduous complex 
mesophyll vine forest 
IV Halloran's Hill 
Disturbed complex 
mesophyll vine forest 
V Wongabel Track plot 
Bawa & Op1er 
(1975) 
This study 
1his study 
This study 
Simple notophyll vine This study 
·forest - mixed with 
simple microphyll vine-
fern forest 0 
VI Moomin Forest plot 
Area No. tree 
(m2) species 
1000 
1500 
4000 
16000 
16000 
5000 
15000 
24000 
9860 
5000 
22 
68 
40 
176 
29 
24 
103 
% trees 
dioecious 
30.8 
22.7 
19.7 
29 
21 
23 
27 
22 
7.4 
10.0 
6.8 
18.8 
16.7 
5.8 
42 
29 
notophyll vine forest. It is also disturbed and is only a small 
re~ict of a once more extensive forest in the Atherton area. The four 
ot~r sites are representatives 0£\relatively undisturbed forest. ;rhe 
est'mates for dioecy are li~ely to be low for all sites and so the 
prop r~ional difference between the disturbed and undisturbed sites 
would probably remain if the true percentages of dioecious species 
were known. 
High proportions o~ dioecious tree species have been reported for 
a semi-deciduous forest in Costa Rica (Bawa, 1979) and a secondary 
deciduous forest in Venezuela (Zapata and Arroyo, 1978 see 
Table 3-2). The Venezuelan study site was in secondary forest and 
most of the dioecious trees in the semi-deciduous Costa Rican forest 
are concentrated in riparian habitats (Bawa and Opler, 1975), areas 
I . 
often subject to intermittent d
0
isturbance. There is no information 
available on the amount of disturbance, if any; at the lowland Costa 
Rican rainforest site. 
Bawa and Opler (1975) listed high proportions of dioecious 
"ill 
species reported from other rainforests, for which there is no 
information concerning the successional status of the communities. 
Presumably their definition of dioecy would follow that used in the 
Costa Rican forests and include some polygamo-dioecious species. It 
is proposed that there is an association bet!fen a high incidence of 
dioecy (by species) and secondary forest or forest undergoing other 
types of environmental changes, for example, seasonal deciduousness or 
riverine disturbance patterns. Several species listed in Table 3-1 
grow in ,secondary ?r otherwise disturbed forest habitats. 
Neolitsea dealbata is common along road-cuttings and tracks and 
regenerates quickly in secondary regrowth o~ at rainforest margins 
after fire and/or disturbance for example at Moomin. 
Mallotus philippensis grows along forest edges, for example at 
Wongabel. Other common species that regenerate along forest margins 
or in disturbed areas are Antidesma spp. at Halloran's Hill, and 
Bischofia javanica (Hopkins and Graha~, 1~84). 
Several of the species are relatively common, though patchy, in 
the rainforest: Litsea leefeana, Litsea reticulata, Diospyro::si 
pentamera, Fontaipea picro$perma and Podocarpus dispermis; or, if 
restricted, locally abundant and clustered in space: Podocarpus 
amarus, Podocarpus neriifolius, Balanops australiana (Table 3-1). It 
is of interest that wind-pollinated species grow clustered on exposed 
ridges, (Balanops australiana and Podocarpus amarus) or other 
prominent situations such as Podocarpus neriifolius on peninsulas and 
along the lake edge at Barrine. 
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3.2. Choice of experimental species and populations. 
An adequate test of the hypothes~s required that the experimental 
species and populations meet the follow~ng criteria: 
1. The species should be dioeciouf with 
hermaphroditism among their memb~s. 
no known incidences of 
2. The species should have predictable, preferably annual, flowering 
times. 
3. The populations should be accessible enough to allow daily 
experimentation, collection and processing of material. 
4. The species should be common enough for a sample of trees to be 
worked efficiently, yet 'there should be some females sufficiently 
isolated with which to test t'he effects of large inter-tr'ee 
distances on the breeding process. 
5. A number ·6f individual trees of each species should have crowns 
that are sufficiently accessible to enable hand pollination tests 
to be performed. 
6. Several other species (both dioecious and hermaphroditic) should 
be available in large enough numbers to enable comparisons t\o be 
made between the spatial patterns of dioecious and non-dioeclous 
species. 
The method used to determine the incidence of ·dioecy in the nortfi'. 
rainforest flora is outlined in sectio.n 3.1. lot is 
to judge the incidence of per~ect flowers among individual 
because populations of the dioecibus species are not well known 
in these forests. However, as f~s is known, trees with perfect 
flowers have not been fou~in any of the experimental dioec1ous 
speci.es. 
~ 
Some information concerning the phenologies of rainforest taxa 
was made available by the Queensland Forestry De~artment and gleaned 
from discuisions with A. Irvine. Members of the CSIRO staff also 
suggested localities of dioecious populations and provided unpublised 
species distributions for their study plots. 
( 
I) 
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When the most a~cessi~le populations were investigated, it became 
apparent that the dioeciouJ species were generally co~mon and locating 
relatively isolated females became the most important factor governing 
the choice of experimental populations. 
Three species eventually provided the main data sets. These are 
Litsea leefeana (Curtain Fig, Wongabel Forest and Wongabel Track), 
Neolitsea dealbata (Wongabel Track and Moomin Forest), and Diospyros 
pentamera (Halloran's Hill). Other dioecious species were map~ed and 
monitored but time constraints and unpredictable flowering prevented 
their being studied more intensely. These were Podocarpus amarus and 
Podocarpus neriifolius (at Lake Barrine) and Diospyros cupulosa (at 
Curtain Fig and Halloran's Kill). T~e hermaphrodite species mapped 
for comparison of· spatial pattern are listed in Table 4-1. 
Access to flowering canopies was attempted using a ' single rope 
tree-climbing method described by Perry (1978). This method provi~ed 
convenient access to the inner canopy only since large ltmbs were 
required to support the rope. The outer crown, beairing the 
r·eproductive structures, could not be readied in this way. ' Situations 
in which access to the outer crown of one tree could be gained by 
climbing a rope suspende<Jfrom another, adjacent tree rarely occurred. 
Limbs of Litsea leefeana are notoriously brittle, and the major limbs 
of Neolitsea dealbata and Diospyros .pentamera were below the size 
consid;1r d safe for tree-climbing manoevres. Al though it prgvides ·an 
excellen ~ethod for reaching the canopies of single ~arge trees, the 
rope , chnique was not suitable for gaining access to flowers as 
/ 
freqpently as required for pollination tests and data collection for 
the}purpbses of the current study. Alternat'ive methods ~ere devise'\ 
for\ the collection of flowering and fruiting material and insects and 
po~len from flowering crowns (see chapters 5, 6 and, 7). Pollination 
tests were performed using a step ladder on some small 
,f];-
Neolitsea dealbata trees at Wongabel and on individuals of 
Diospyros pentamera and Litsea leefeana growing in the CSIRO 
arboretum, Atherton. 
3.3 Age and sex structures of the species populations. 
' 
Sex ratio 
Flowering se» ratios are often different from the true sex rattoa 
because, (1) males may flower at an earlier age than females; and 
(2) females do not always flower in consecutive years (Meagher, 1981). 
The sex ratios estimated for the experimental species populations are 
based on the observed flowering sex ratio over two years in the 
-· 
\ 
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Wongabel Neolitsea dealbata· population and over one year for each _of 
the o~her populations. All non-flowering trees were categoris~d as 
juveniles. The chi-squared goodness of fit test (Sokal and Rohlf, 
1969) was used to determine whether sex ratios differed significantly 
from unity (Table 3-3). 
Sex ratios do not differ significantly from unity in the 
Litsea leefeana, Diospyros pentamera or Podocarpus populations, but 
the two Neolitsea dealbata populations show a significant excess of 
male trees (Table 3-3). Among 23 tropical tree specie~ &hown by Opler 
and Bawa (1978) to have ~ale-biased sex ratios,""\0 were significantly 
so. Among long-lived species, male-biased ratios appear to be more 
common than female-biased ratios (Lloyd, 1973; Lloyd and Webb, 1977; 
Opler and Bawa, 1978; Webb and Lloyd, 1980; Meagher, 1981 ),. 
Female-biased sex ratios have, however, been described in temperate 
(Sakai and Oden, 1983) and tropical (Melampy and Howe, 1977) tree 
populations. 
Seed populations of dioecious species are usually composed of 
equal numbers of males and females (Fisher, 1930; Charnov, 1975); 
Lloyd (1974) and Barlow and Weins (1976) discussed possible genetical ./ 
causes of sex determination (i.e. the true sex ratio .of the 
population), but ecological factors may be responsible for biased sex 
express ion. Male plants may flower mo.re freq-uently ·than female plants 
(e.g. Meagher, 1981; 1Bullock and Bawa, 1981). Observations bf 'the 
I Wongabel Neolitsea de~lbata population suggest that all females that 
flowered during the .fir1pt study year also flowered the following 
\ 
season, so flowering frequency is not a likely explanation for the 
observed ratios. 
Meagher (1980)_demonstrated that differences between microsites 
influence the r:elative d;i.stributions of male and female 
Chamaelirium luteum and sugg~sted this may result in an apparently' 
b}ased ratio in a sample sub-population. Freeman et ~l. (1976) 
illustraVed differential sexual representations of herb species over 
an envi~onmental gradient· and Cox (1981) demonstrated that the 
distribution of sexes in a tropica~ tree (Trophis inv;olucrata) is 
related , to soil ""conditions".. Al though the sexes ·of the 
Neolitsea dealbata population are significantly clumped (see 
chapter 4), the apparently uniform environmental conditions across the 
r--.. 
sites and the high density of both male ·and female plants suggests 
that micro-environmental characteristiGs are ·not a strong factor 
governing se~ ratios. 
~~e~ I'dt ivs of 5 dioeciuws ~pecies ( 7 pvpuLH illn~) 
in Nl,i·th Qut~ensL.111d r.:.tinto1'e~t. The Chi ... :.;qu,u·ed 
gvoclr.eso; Lit tit tt;st (Suk.il [, F<ololt, l'JG'l} 1;,1,; 
.-t[it'livd tu tt~•;t tti~~ ~>iy,nificunce of tile devi.ition 
t r·um ._jfl expt~cteJ rJ.t io o.1 unity. 
Species Population Deviation (fi)). 
u-ni. I 
L. leeft!dna 4 0.24 
('' 0.24 
32 32 0.48 
~ 5 0.08 
Tpc.1..:k 7 ti o.ou 
'J 2 12 0. lb 
N. dealbata Wongaliel 84.5 3•;2. 3 4.05 
Track 8'4. 5 342. 3 4jos 0/ 1 
Moomin GS0.25 18,6 
650.25 ltl. 6 
37.2 
D. pcntamera Hallorans' <! 5.5 s5.2s 1. 58 
Hill 'j? 5. 5 56.25 1. 58, 
l 3. 16 
P • ..:l/TldTUS Barrine d' 7.5 6.25 0.83 
'(, 7.5 6.25 0.83 
~ 15 1. 56 
P. neriifol i us Barr ine ~ 15.5 2.25 0.15 15.5 ;2.25 0.15 
~ ·31 
*significant at 95'!. level 
', 
33 
'1 
p 
_>.¢o.o5 
> 0.05 
< 0.01 ,.. 
(0.001,.. 
)0.05 
)o.r 
~ 
"' 
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Male-predominant rati.os may be rel,;i.ted to differential .survival 
of the sexes caused by different life histories and tAe demand on 
resources so that male plants (which do not have to mature seeds) 
survive longer than female plants (Lloyd, 1973; Meagher, 1~81). 
Alternatively, resources may only .become limiting to one sex (usually 
the female) more than the other in sub-optimum habitat conditions 
(Barrett and Helenurm, 1981). The data pr~sented in Fig. 3-1 show 
that more male ~rees grow to larger sizes than do female tr~ at both 
Wongabel aud Moomin. There are also more male trees reac.hi.mg 
' /1) 
reproductive maturity in the small~r size c.las~s, particularly in the 
Moomin population. A similar trend was described in the tropic.al tree 
Triplaris americana ~ Melampy and Howe (1977). Earlier reproductive 
maturity and greater longevity are possibly important factors 
contributing to the freponderanc.e of male trees in the 
Neolitsea dealbata populations. 
Size ctfstribYtio~ 
. .,. 
The size class frequencies illustrated in Fig. 3-1 show that 
'juvenile' Diogpyros trees. ~re represented in all. but the 
largest size clasS: ·' .la~ly som~ 'juve~le' Li tsea leefeana tre~s 
attain girths large , · ~G several rep. uctively mature male.$ and 
females. Individual,femaie trees have been own to miss a flowering.· 
year in both these species (chapter 5) and the larger ·non-reproduc,tive 
individuals may in fac~ have. been reprodUf.tively 'quiescent' remal~s 
during the study seasii. Male Diospyros 12entamera .tret?s begin 
flowering at smaller girth sizes than females. · .Flowering.., begins in 
similar size ·groups in ,,,_male and female Litsea leefe-ana and 
Neolitsea dealbata at Moomi~ _ 
Contrary to the trend ' in Neolitsea dealbata and 
Diospyros pentamera, female Litsea leefeana appear to live konger than "1 
males at Curtain Fig (Fig. 3-1). ~f ~ongevity is related to energy 
' ' . ? 
expenditure, female trees wi0th the added demands on resources for 
maturing seeds should ~ffer senility before males (Lloyd, 1973~ Webb 
and Lloyd, 1980). However, in a long-lived, iteroparous, non-annual 
flowerer, energy reserves conserved in 'fallow' years may-be· utilised 
to prolong the reprdductive life of the tree •. /'rt may be relevant that 
Litsea leefeana tr~es readily lose large ~anches; resources not 
required to maintain old wood ,can be channelled into reproductive 
effort and proio.nging life. Female' :Li tsea leefeana trees al:s-o begin 
flowering .at an earlier age than males~ Since male trees generally 
flower annually, it is suggested that.a g~eater reproduc.tiye cost. may 
be incurred by males. In~ the Neolitsea dealbata and 
Diospyros pentamera populations male trees appear to flower at a 
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younger age and live lohger than do females, suggesting 
reprod~ctiv~ costs in these smaller species are less in males 
females. _The possibility that differential growth rates between 
sexes accoi:/nt for the observed differences in reproductive size 
36 
that 
than 
the 
and 
longevity cannot be ruled out. Data on growth rates for these species 
are n0'!'.1 available. 
3.4 Summary. 
1. The four study sites contain a lower proportion of dioecious 
species than reported elsewhere. Knowledge of the sexual 
morphology and function of the north Queensla~d rainforest flora 
is incomplete. 
2. A relatively high incidence of dioecism is indicated in two 
' disturbed rainforest sites and an association between the 
dioecious habit and forest disturbance is suggested. 
3. Accessibilty and convenient flowering times were the 
features governing the choice of experimental species. 
'') 
major 
4. Sex ratios are·significantly biased in favour of male trees only 
in the Neolitsea dealbata populations. 
5. Female Litsea leefeana trees live longer than males whereas a 
larger girth siie is reached by males in Neolitsea dealbata and 
~ios0pyros pen tamer a. 
6. ·. Male trees flower at a smaller size than do female . trees in 
Diospyros pentamera and Neolitsea dealbata but the reverse is true 
of Litsea leefeana. 
7. Flowering less frequently ·than annuai+y i.n female Litsea leefeana 
and Diospyros pentamera may be responsible for mis-classification 
.,.. 
in a few trees. 
Having outlined some features of the study areas and species, • a 
detailed pattern analysis of the populations is the subject, of fhe 
following chapter. 
50 
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CHAPTER 4 
SPATIAL PATTERN IN POPULATIONS OF THE EXPERIMENTAL SPECIES 
4.1 Introduction 
Several studies have been made on species abundance and 
dispersion in rainforests. The questions most often addressed relate 
to speciation (e.g. Baker, 1959; Ferdorov,, 1966; Ashton, 1969; 
Janzen, 1970); mai~tenance of high s~cies diversity (Forman and 
Hahn, 1980; Connell, 1970.) and population dynamics (Hubbell, 1979; 
Denslow, 1980). Rainforest tree species populations usually exhibit 
clumped or random, rather than uniform, distributions (Hubbell, 1979; 
Fleming and Heithaus, 1981) and even rare species are usually clumped 
(Hubbell, 1979; Forman and Hahn, 1980). 
A relationship between breeding system and distribution pattern 
has been hypothesised bi" Bawa (1974) arid Bawa and Opler (1975). They 
suggested that inter-tree distance should be lesi in dioecious than in 
self-compatible hermaphrodite species populations. They maintained 
that dioe~ious spesies produce more fruit than hermap.hrodi te species 
' (since more resour:ces are available for seed production in females).so 
the risk of he~vy'predation is smaller and mQre trees grow a~d survive 
closer to parents maintaining clusters of trees. If clusters are 
formed of related trees, juveniles would be expected to be clumped 
around female trees. It is interesting to note that this hypothesis 
allows the distance between fruit-bearing trees to be as large as 
those in more dispersed, self-incompatible species. Hubbell (1979), 
however, fou~d no evidence that dioecious species have a more 
distribution than non-dioecious species, using 
nearest-neighbour measurements as his basis for ,analysis of 
pattern. 
clumped 
average 
,spatial 
A measure of deviation from random in a species population 
distribution is unlikely to be sensitive enough to show specific 
associations between a breeding system (of which there are many 
permutations) and pattern (of which there is a continuum of 
possibilit~es). It is more useful to ask in what way can breeding 
success be affected by the ~patial relations of trees in a population. 
51 
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A description of the spatial pattern of tree populations is 
fundamental to the relationships between breeding success and tree 
dispersion. An examination of effects of pattern on breeding success 
does not require a complete understanding of the mechanisms that 
produce the observed patterns. It is, however, relevant to ask 
whether the observed pattern for one species population is repe~ted 
for other populations of the same species and other species. 
Statements concerning the effects of pattern on breeding can th~~ be 
extended to a group of species and specific associations between 
breeding systems and tree dispersion may be recognised. 
In this study, the effects af pattern on only one breeding system 
is being investigated, but comparisons of pattern are made with a 
group of non-dioecious (hermaphrodite and monoecious) species.· Tes ts 
for self-compatability were made for ooly one hermaphrodite species 
(Melia azedarach), a self-compatible but faculative out-_crosser. 
Mallotus polyadenos 
breeding systems •. 
is monoe,cious and the others may haye different 
.- . "> 
---Investigations into the distribution of the sexes of dioecious 
trees have used either nearest-neighbour analyses (e.g. Bawa and 
Opler, 1977; Melampy and Howe, 1977); Morisita's dispersion index 
(Heithaus and Fleming, 1978; Fleming and Heithaus~ 1981); 
autocorrelation techniques (Sakai and Oden, 1977) or with reference to 
an environmental gradient (Freeman et al., 1976; Opler and Bawa, 
1978; Grant and Mitton, 1979). While some pattern analyses can be 
performed using a minimum of inter-tree distance methods (see Clark 
and Evans, 1954, 1955; Cottam and Curtis, 1949, 1956; Rohlf and 
Archie, 1978) an accurate map of the coordinates of individual~ 
enables a variety of analytical methods to be used. Population maps 
of dioecious species have been used for spatial analysis of 
populations o~ a herb (Meagher, 1980) and an understorey perennial 
(Barrett and Thomson, 1982) in temperate fore&ts and for trees in 
tropical forests (Bawa and Opler, 1977; Hubbell, 1979). 
Analyses of pattern using nearest-neighbour measurements give 
descriptions based on degree of deviation from random towaras a 
clumped or uniform distribution. However, the method is not reliable 
for small numbers of observations (Clark and Evans, 1954). Radial 
distribution functions (Emmerick, 1979) have been developed to 
d~scribe in detail the spatial relations ·of plant populations.· 
Emmerick demonstrated the me}hod with some Australian shrub 
communities and Gibbs (1983) successfully applied it to a d·escription 
of pattern in populations of a plant virus. An important feature of 
the method is that the dimensions and density of clumps in clustered 
. , 
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populations can be explored and spatial relationships between subsets 
of the population can be investigated visually. Radial distribution 
functions (RDFs) were adopted as the major method of spatial analysis 
since: 
1. They allow visual interpretation_ of pattern. 
2. They allow more detailed exploration of pattern than merely the 
deviation from a random distribution. i 
3. They are flexible enough to allow examinaton of the distribution 
of subsets of the population, such as males or juveniles, in 
relation to other subsets, such as females. 
4. The method can be extended to explore the spatial pattern of male 
trees in relation to high and low fecundity female trees (see 
chapter 8). ~ 
A measure of the average distance between trees was required in 
order to discuss the potential for pollen transfer between sexes i.n 
the dioecious species. Radial distribution functions do not directly 
provide this information and so measurements of nearest-neighbour 
;( 
distances were performed for Neolitsea dealbata (two populations), 
Litsea leefeana (two populations),· and Diospyros pentamera (one 
population). An alternative analysis of spatial pattern was performed 
on these data to compare the results with the conclusions reached 
using RDFs. 
The aims of this chapter thus fall into four categories: 
.......... 
1. To describe the spatial pattern exhibited by the experimental 
populations. 
2. To determine whether spatial pattern is similar in different 
dioecious species. 
3. To determine ~hether any pattern exhibited by dioecious species is· 
measurably distinct from those observations in hermaphrodi~e 
species. 
4. To determine whether patterns among dioecious species have more 
features in common than patterns among hermaphrodite species . 
.:•' 
.> 
) 
·\ 
4.2 A description of Radial distribution functions (RDFs.) 
• 
A•complete description of RDFs 
Radial distribution functions 
is given 
provide a 
by Emmerick 
description 
(1979). 
of the 
characteristics of the popu~ation pattern. The function is defined by 
Emmerick as the average relative d.ensity of individuals at a distance 
r from an arbitrary individual. Every member of th~ population is 
taken in turn and every other .member of .the population is 'viewed' 
from its position. The ensuing calculated function is the unique RDF 
for that population. 
'. 
An accurate map of the. population coordinates bounded by a 
rectangle is requir~d as a data base: A series pf annuli are 
desgribed around each plant in turn. The distance between the cfrcles 
is identical and described as the increment size (I). The annuli '~ 
formed by adjacent circles have bo~nding radii rl and r2 and so the 
(;! distance of the annulus from the plant is r = rl+r2/2 (Fig.4-1). The 
area within each annulus (ASIGMAi(r)) is measured and the number of 
plants falling within it (NSIGMAi(r)) is counted. If the total number 
of plants within the map is N, and the density of plants is p, then 
RDF(r) 
.. ,j\ 
N 
~ NSIGMAi(r) 
i=I -, 
--------------~~ 
N 
p ~ ASIGMAi(r) 
, i=I 
i.e. the RDF at a distance ,r i!:,l the average density in the ann~\U:s at 
a distance r . from each plant, divided by the overall density. The 
coarseness of the density estimate is directly related to increment 
size. 
The results of RDF analyses are best presented as a plot of 
RDF(r) against. r (see Fig. 4-3). Distributions with particulai; 
characteristics, such as random, uniform or .clumped will have 
characteristic peak and trough patterns with increasing r. In a 
population exhibiting a random (Poisson) distibution, the individuals 
have an equiprobable distribution so ·the local density of one area 
will be equal to the global density and RDF = 1 for every r and for 
every increment size. For regularly d~stributed p~pulations the 
expected RDF ranges from 1 for every r to a ser~ of regular peaks 
0 
0 
/ 
Fig. 4 1 Arrangement of annuli with increment size 
I for the calc'ulation of NSIGMA and ASIGMA 
djt within a distance r (r1 + r2 I 2) from· 
an ir:idividual i. 
.,., 
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r 
and troughs whose frequencies are related to the size of the lattice 
on which they are arranged. 
RDFs calculated for clumped populations appear as an irregular 
series of peaks and troughs. Single clumps have an RDF with high 
values for small r (r less than the clump diameter) declining to small 
value's for larger r (r greater?Jn the cl-ump diameter). The RDF of a 
many-clumped population would be e pected to show peaks and troughs 
with values fluctuating above a below 1. A general interpretation 
~ of the behaviour of RDFs for yc{ndom and clumped distributions is 
l_ summarised in Table 4-3. / 
The use of RDFs may be extended to look at subsets of the 
population in isolation. A subset of the population may be used as 
'centres' from which the whole or another subset of the population may 
be 'viewed'. The ensuing calculation is termed a partial RDF by 
Ernmerick. The distribution of groups such as juveniles, males or a 
particular size-class may be. viewed in relation to, for example, 
adults or females. 
4.3 Methods 
Grids were surveyed and marked out at Cu1rtain Fig, Wongabel 
Track,, Wongabel Forest and Moomin. Tree po~itions WEfre surveyed, 
using r compass,. and 30m tape, usµally from the grid corners. At 
Halloran's Hill a base-line was marked out along one edge of the 
forest~and subsidiary survey arms defined; trees were mapped from the
1 
lines and from other, mapped trees, using as few points as possible. 
Distances were accurate to the nearest O.Sm. Features of the species 
populations are summarised in Table 4-1, and the maps appear in Fig. 
4-2. 
Maps were drawn up and coordinates determined using a digitising 
tablet and a Tektronix (4051,) terminal connected to - the Dec-10 
,:. 
(Digital KL-1091) computer at the Australian National University in 
conjunction 
coordinates 
diameter at 
with a programme GETPTS written by J. Burton. 
were merged with existing data files containing the 
breast height (d.b.h.) and sex of each tree. 
The 
code, 
{) 
Radial distribution functions were determined for all 
experimental species populations using the programme RADIF adapted byt 
•" 
D. Green for use on the DEC-10 in Canberra from a programme compiled 
by J. Emmerick at the University of New South Wales (Ernmerick, 1:979). 
A summary of the treatments for each species is given in Table 4-2. 
Radial distribution functions were also determined for some artificial 
., 
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Tobie 4-l Fentureq of the mHpped populations and thP artificial populations (RAND). See text 
~ for further pxplanntlon. 
Srf'c i0~ S1 tP 
Li r scR I ePfeRn8 Curt rt 1 n FiR 
W"nRHhPI Trnck 
Wongahel ForPst 
NPol1tSPR dp11]hRtll Won Rn he I Tn1ck 
Hnomin 
[)jo..;pvros pPntRmf'l B Ha I lo ran ' s fli 11 
Diosp_\.:rns cupulostt Curtain Fig 
Hal lotus pol vnrlrnos CurtAin Fig 
C~t,1nospc>rmum australe Curtain FIR 
Cac;t1JnospPrm11m australe Won Rabel forest 
A1</Rin ff'rrlIRinPR C1ntetin fiR 
.41< /f!iR frrrt1RineR Wongabel Forest 
He/;,, A7PdArlJCh Wongabel Forest 
D11phnandra rPpandula Curtain Fig 
Fndiandra pub ens Curtain Fig 
RAND LI Curtain fig 
RAND L2 
RANll Ll 
RAND 1.4 
RAND NI ' Wo~gabel Track 
RAND N2 
RAND N3 
RAND N4 
RAND DI Halloran' s Hill 
RAND D2 
RAND D3 
RAND D4 
Reproductive maturity taken as: a. 
b. 
rtot No. individunls 
ArPa (ml Total 
I .6 49 
0.95 22 
0.52 R 
0.95 275 
1.02 114 
2.4 113 
1.6 28 
I .6 130 
1.0 393 
0.52 173 
1.6 239 
0.52 30 
0.52 27 
1.6 63 
1.6 32 
1.6 49 
0.95 275 
2.4 113 
d.b.h. 
d.b.h.. 
~!Ocm 
~20cm 
Ailu 1 ts 
32 
22 
6 
169 
71 
71 
97" 0 
1 /b 
25"b 
I!) 
27 
56•a 
25"a 
llens1 ty (ha} Srxual system 
Total Adu I ts 
10.6 20.0 Di oec iou!=I 
21.2 23.2 
l 5.4 l 1. 5 
' 2'l0. 5 177 .9 " 
111 .8 6'l.6 
4 7. I 29.6 
17. 5 
RI. 3 60.6 Hono("cious 
393.0 I 7 .0 Hermaphrod I le 
332.7 48.1 
149.4 
57.7 
si. 9 51.9 
19.4 35.0 
20.0 15.6 
30.6 
290.5 
47.l 
TnblP 4-2 Population treatments for Radial Distribution function Annly•is. 44 
a. 01o~rious speciPs 
'~J1P1 IP~ 0.:.1 te Cil!P~nry Centrf's 
Ohjrcts Inc (m) 
N. rlf'<'l 1 bllt ,, Wnngabrl forest Al I ~PPS Al I (f1 I) Ail 
(fl!) 1 
N. rfrlllblltR \.Ion Ra bP I Fnrest Al 1 trees A 11 
( 27'>) All (27'i) 
Adult• MF ( 16'l) MF' ( 169) 1 
JuvPnile9 .J ( jf)f,) J ( 106) 
MnlP• M ( 101) M ( 103) 
females F (hh) F (66) 
Frmales F (66) F (6~) 1 
MnlPs In re-
lntion to F (66) M (103) 
females 
1 
Males, Juve-
ni les nnd F (66) M/J (209) 1 
females 
. ;~ 
... 
Juveniles end F (66) J (106) females 3 
~·. ~'. 
U. pPn t ttmer n Halloran's Hill All trees All ( 11 3) All ( 113) 
3 
,ldults MF' ( 71) MF ( 71) 3 
'Juveniles J (42) J (42) 3 
Males M (43) M (43) 3 
Ff'males F (28) F (28) 3 
Females and F juveniles (28) J (42) 3 
Females end F (28) M (43) 3 
males 
/':.:. AJl L. leefeana \.longabel Fores~ All trees All (22) (22) 3 
Mal PS M ( 5) M (5) 3 
0 Females F (7) F (7) 3 
Females and F (7) M (5) 3 
males 
\ 
L. leefeana Curtain Fig All trees All (49) All (49) 
l 
2 
Adults MF (32) MF (32) 3 
Juveniles J (17) J (17) 3 
Males M (J8) M (18) 3 
Females F (14) F (14) 3 
5 
Females and FJ (31) .FJ (31) 3· juveniles 
Males and F ( 14) M (18) 3 females 
Females and 
juveniles F (14) J (17) 
3 
'· 
N. dealbata Moomin All treesj All (114) All ( 114) 
3 
Adults MF ( 71) MF (71) 3 
Juveniles J (43) J (43) 3 
Females F ( 10) F (10) 3 
Males M (61) M (61) 3 
Females end F (10) M (61) 3 
males 
, 
D. cupulosa. Curtain Fig All trees All (28) All 
(2S) I 
" 
3 
H. polyadenos Curtain Fig All trees 
All (130) All ( 130) 3 
Adults MF (97) MF (97) 1 
'!> (33) J .• (33) 3 Juveniles J 
~ Adul~s and 
juveniles MF (97) J (33) 
3 
\ 
~~ 
TAblP 4-2 (continued) PopulRtion treatments for Radial Distribution Function 
AnA1 ys ls. 
b. lie rmR ph rod l t e spe-ries 
'.·· 
SpPC iPS , Site Category 
Centres Objects Inc (m) 
c. australP WongRbel Forest .Al I trees 
All (I 73) All (I 73) 3 
, ... Curtain Fig 
Adu! ts A ( 17) A ( 17) 5 
Juvpniles J (376) J (376) 5 
Lnrge J (45) J (.45') 5 juveniles · 
"' Small J (330) J "(330) 5 juveniles 
A. ferrl!ginea \urtAln li:ig All trees All (219) 
Al I ( 239) 3 
WongAbel Forest All t1 .. ress All (30) Alf (30) 
3 
If. <17f'riRrBCh Wongabel Forest All trees All 
( 27) All (27) 3 
"' 
D. repandula Curtain Fig • All trees All 
(63) All (63) 
f. puben.c; Curtai~ Fig All trees All 
(32) AIL (32) 
.. ~ ' 
c. RRndom en-ordinates 
Species equivalent_ Max x Max y Category Centres 
Objects Inc (m) 
D. pentamera Rl 2ao 100 All points All (113) All (113) 
'.t 
" 
3 
R2 It 3 
R3 3 
R4 
N. dealbata RI 116 82 All points All (276) All (276) 
3 
R2 
It 3 
3 
R3 3 
R4 
L. leefeana Rl 160 JOO All points All (49) All (49) 3 
R2 
'3 J. R3 ) 3 
R4 
\ 
-
"' 
ii 
\'\. 
I 
..•. ·-o 
~ 
·v ) 
Table 4-3 Major features in the behaviour~ial Distribution Func.uons. 
A 
Feature 
L Amplitude of peaks and 
troughs. 
b Changes in RDF with 
increasing r. 
, 
3. Difference· between maximum 
and minimum RDF. · 
4.. Distance between peaks. 
-~ 
_) 
~ 
Characteristics of~population with simple or compound 
clu~ped distribution. 
1. 
12. 
High amplitude peaks indicate high densities of 
points; low troughs indicate relatively low 
densities. 
ii The greater the amplitude, the higher the-local 
density within elumps. 
ii 
RDF (r) decreases with increasing r for simple 
clumps. 
An RDF with high values for small r followed by 
a series of irregular peaks is indicative of an 
amplitude related to the number and size of the 
c1umps in the population. ~ 
iii With decreasing relative within super-clump 
density, the amplitude of peaks decreases. 
iv Displacement of individuals away from the centre 
of a clump causes a trend towards randomness, 
~nd the loss of amplitude and broadening of peaks. 
v Peaks that are approximately the same height 
~ndicate similar numbersof interactions have 
contributed to the observed scale of values. 
~ 
Characteristics of a population with a 
rRndom d1str1but1on. 
L Values of RDF (r) deviate little from 
l .00. 
L RDF values remain oscillat1n~ about 
1.00. 
ill 
3. The difference between maximum and mini,mum values 3. 
of RDF (r) is grl!Bter the larger ~he difference 
in density between the inside and outside of a 
clump. 
Very slfght differences_. Population 
density similar with respect to the 
typical individual with increasin~ 
values of, r. The difference in 
ampl1t~de between maximum dnd minimum 
RDF (r) only increases as the )Ulrwlus 
width (Il'is decreased .for a given 
populatio~ density,'or if the population 
density decreases for.a given annulus 
4. i The distance between the centr~s of two peaks 
indicates the distance between the centres o( 
clU'11ps. ' 
ii Double peaks.indicate th;t clumps <rre very close 
together. 
---/ 
-; 
widthc,, . 
~ 
.. · ~. •,' 
.. ~ 
_./ 
~ 
.1:--
(J'\ 
..,,_ 
&-
tr 
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Table 4-3 (continued) Major f.eatures in the behaviour of Radial Distribution Functions. 
A 
Feature 
5. Minimum RDF (r). 
<'!. 
.... 
6. Significance of initial 
high RDF. 
7. Significance of terminal 
high peaks • 
B 
Characteristics of· population with simffle or compound 
clumpPd distribution. · · 
5. i A typical clump diameter is indi~ated where 
RDF (r) falls to its minimum valu.e. 
6. 
7. 
ii Very low values of RDF ( r) indicate- the 
boundaries of a super-clump and previous 
peaks show the compound nature of the clump. 
Very high ~nitial values of RDF \~) suggest 
dense clumps with a typical neare~t-neighbour 
distance less than annulus width. 
The tall pea~s at the larger sicle of the 
data map are often caused by a few points 
in the extreme corners of the !ll&P• i.e., ,,-. 
high NSIGMA values for low ASIGHA values. 
8. Significance of zero 
values. 
\- 8. ~o values ;eflect that the distance between 
clumps is lai;gerthan clump size. 
) ii 
q 
The zero value at the end of the plot 
indica~es the maximum distance between any 
two points. 
·\. 
I 
.. , 
~ ~ . 
" . ;: 
Character1st1cs of a population with a 
random dis~r1but1on. 
~ 
A 
\ 
J 
~ 
\ 
' 
I 
,,..; 
~ 
~ 
~ 
I' 
~ 
-~ 
~ 
-1"-
-.J 
( ' 
·i»' 
,, 
.,", 
'Y 
) 
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populations defined by coordinate pairs generated by a programme 
POLSTA (D. Green). The random data points had populatiorl densities 
"' that correspond~d-with the'densities for-Litse~ l~efeana (at Curtain 
Fig) Neolitsea dealbata (at Wongabel) and "Diospyros peritamera 
(Hallora.i:L-~ Hill). The distribution of RDFs was compared with. an 
expected distripution of RDF 1. for every value of r (i.e. a 
population where the individuals are randomly distributed) using the 
1 
chi-squared test for goodness of fit (Appentl,ix 4-1). 
Radial distribution functions were plotted as values 
against r (Fig. 4-3). The results _were interpreted 
degree of clustering using the random distributions as a 
, 
abstnce of alustering. Co~parisons were made between 
of RDF(r) 
in terms of 
basis for 
speicies and 
populations. The major characteristics gt the behaviour of RDFs for 
each population are summarised in Table 4-4 to.aid interpretation· of 
the figµres. ~ 
The m~jor features of RDFs outlined in section 4.2 have been used 
to make statements concerning the nature of each species populations' 
spatial pattern. T~e resu}.ts are presented in Table 4-4.! , The 
following characteristics were used. 
1. 
~-
/~ 
The occurrence and freqfiency of pects and troughs in the RDF curve 
which is an indication of the type of clustering. 
Maxi.mum RDF(r) value for small r which is a measure of clump 
density. 
3. The range between maximum and minimuin RDF for 
indica~es the difference in density within and outsid 
( 
y 
which' 
4. Width of the major peaks, indicating the ~idth of simple· and/or 
compound clumps. 0 
\ .. 
5. Distance b'etween the centres of simple and/ or compound clumps. 
6. The maximum distance between centres and o~jects. 
7-. The number of clumps in t'he population. 
,f 
The following criteria were defined to facilitate inter-specific 
comparison of population pat~ern (see Tables.4-4 and 4-5). 
. . 
. 
~ 
" 
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1. Marked simple or compound cluster1ng or absence of clustering. 
This was derived directly by opserving the. RDF curves'. 
2. Clump densities as represented by RDF values <3, 3-5 and )5. 
measured subset of the population can be allocated to one of 
. ~ ' 
Any 
these 
3. 
catego~ies. The highest value exhibited was inserted into Table 
4-4 in each case since high values indicate high densiti€s of 
trees. 
The maximum and minimum values of RDF corresponding to the main 
clump unit represents the difference in density inside and outside 
of clusters. The highest values represent denser clumps relative 
to the background density. The highest value exhibited·by any 
subset, ·Of one population w~s i.nse:rted into~ Table 4-4. 
4. Clump width refers to the diameter· of a clum~ and is a measure of 
... 
the compactness of 
distribution. Those 
clumps, relative 
valaes indicated ~n 
diameters of compound clumps and were 
diameter was inappropriate . 
' ··' 
to the background 
br~fkets refer to 
used when simple clump 
In addition to the RDF 'analysis, an analysis of 'spatial pattern 
in three dipecious species (Litsea leefeana, Neo·litsea dealba,ta and 
Diospyros pentamera) was· performed using the ~distance to 
nearest-neighbour measurement of Clark and Evans (1954). Three 
subsets of the data were tested in each species population· and five 
.populations in all were te$ted, giving 15 treatments. 
4.4 Results 
4.4.l Comparisons of RDFs between populations. 
(.. ~.4.1.i Natural and artificially ~enerated populations. 
.. ' 
! None Qf the artificially generated random RDF distributions 
differ· significantly from a Poisson distribution (table 4-6). The 
~i tsea .leef~an~ distribution differs significantly · from a Pois-son 
distribution with only a 5 percent probabilty of "the differences b~ing 
due to chance. Neolitsea dealbata and Diospyros pentamera RDFs are 
less si&~ificantly different from the Poisson distribution, with a 10· 
percent probability of the differell\Ces being.due to chance. The· RDF 
distrrbUtions 'for Neolitsea dealbata and Diospyros pentamera (Figs. 
4-3-1 and 4-3-4) are sim·ilar in that an initial peak density is. 
' .. 
(.') 
t:» 
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,~ 
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.. 
followed by a more or less random distribution, gradually falling away 
to values less' than one. Consequently for much of their range these 
two distributions are similar to unity. The RDF distribution.fo~ 
Litsea is characterised by larger extremes in values in the 
mid 
leefeak 
part its range, and i'l'S a consequence, differs more 
significantly from an expected random distribution where RDF(r) 1. 
The irregular Lit sea leefeana distribution may be partly due to the 
small population density. The results from t~e tests illustrate 
that large deviations from unity can be inte'f1fteted with confidence 
but smaller peaks and.troughs oscillating above and below RDF = 1 are 
close to a random distribution. The average maximum and minimum RDF 
distributions for the RAND populations are indicated for each 
equivalent field population to aid interpretation. 
4.4.1.ii Inter-specific comparisons of RDFs. 
Random populations; RAND Ll-4, RAND Nl-4, RAND Dl-4 
All within' populations behave similarly and RD'F values fluctuate 
around 1 (except for anomalous peaks at the highest values of r which 
are p~oduced by a few trees in ~he far corners of the maps ~ see 1able 
4-3). All between population distributions similarly fluctuate aroupa 
RDF(r) = 1. RDFs generated by randomly distributed points can be us~d 
as a reference pattern with which to compare th~ forest populations' 
Diospyros pentamera . ' 
All categories of age• and sex show some degree d'f clustering/:· 
Compound clustering is exhibited in juveniles, 1?emales, ma~es in 
relation to females and juveniles in relation to females but nqt in 
males alone. Juveniles exhibi.t greatest d~nsity' clusters and the 
largest d~fference in density within and ou.tside clumps. Clustering 
around fe~ales is stronger in juveniles than males with t~e ferro.er 
exhibiting a greater difference in density within and outs~de clumps. 
Patches of high density males in relation to females contrasts with 
the irregular distribution of males as a single group. 
Litsea leefeana 
Clustering appears more intepse at Wongabel Track than at Curtain ) 
Fig but this may be an artefact of verr small numbers of tre.es at the 
former site., Females are . more strO\ngly d:'ustered than , males at 
Wongabel but the reverse is apparent at Curtain Fig. Juveniles are 
the most hi9)11Y clustered group at Curtain Fig. Juveniles were too 
'' 
,, 
·; 
' 
51 
few to include in the analysis at Wongabel. Males are quite highly 
clustered in relation to females at Wongabel but not significantly so 
at the Curtain Fig forest. 
,, 
Neoli~ea dealbata 
All categories of age and sex show some degree of population 
b 
clustering throughout the 3 experimental populations. Clump density 
is greater at Wongabel Forest and Moomin than at Wongabel Track. The 
former two populations exhibit higher density regeneration at the 
forest.edge. At Wongabel Track female trees exhibit the highest 
density clumps followed by males and then juveniles. At Moom~, 
juveniles display the highest density clusters with females second 
Females and juveniles both exhibit several well-defined clumps t 
Wongabel Track but juveniles are restricted to~ a single area f 
highe'st density at the forest· edge at Moomin. Males exhibrl similar 
clustering patterns around female trees at Wongabel Track and Mobmin. 
Clustering of males around females is more pronounced than juveniles 
around females at Wongabel Track. 
Diospyros cupulosa 
High density clumps are surrounded by more uniformly 
trees at low density. 
Mallotus polyadenos 
\--
distributed 
The trees were not flowering when the population was mapped and 
I 
consequently reproductive maturity •could. not be. determified. Age 
categories were based on size cl.as-ses and may ;not reflect true 
.. 
9
relationships between adults and juveni'les. The compound nature of 
clumps is very simila'r for 'adult~,· and 'juven.iles'. Smaller trees 
. are genera~ly more clustered than larger ones. A regrouping of age 
categoriei may show greater differences.· 
~ 
Castanospe'hnum australe 
Clustering is most marked at Wongabel Forest, reflecting high 
density regeneration a,t the forest edge. Juveniles are more clumped 
than adults at Curtain Fig but iless marklTdly d"lustered. than at'' 
'• 
Wongabel; the latter may be termed a :·•younger populat:{.;On'. 
Difference in density between the inside and outside of ~ps, is 
small in juveniles suggesting a trend towards a random distr~tion• 
The species is generally common .but not markedly clus.tered. ~-
----.... 
\~ ) 
"". 
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Table 4-4 RDF features for 12 field populations (10 species) and 12 drtificial populations. See ~ext for explanation of 
cat;:gories and features. 
Species 
II. dealbaca 
(Wongabel 
Track) 
I 
~ 
Featun! Indication of cluster.mg 
" 
Category 
All trees High RDF(r) for small r 
indicates clumped nature of 
population. Second clump 
encountered 45m from centres. 
Adults Clustering, witrr low density 
between clump individuals. 
Density increases 48m from 
centre of cltt~p. 
Juveniles Clustering with several 
clumps indicated at 18, 45, 
66 and 90m from the clump 
centre 
Females 
Males 
Males in 
relation 
to 
females 
Clustering with clumping 
indicated ~t 30, 45, 7~ · 
from clump centres • 
Clustering with generally 
randomly distributed 
individuals at low density 
between clumps. 
Clustering with further 
clumping indicated at 4~ 
and 99m from clump 
centr~ 
-...___ .. , 
Juveniles Clustering with compound 
in re- clumps occurring dt 30m 
lation to and 90m from clump centres. 
females 
Typical clump 
densltv (max. 
RDF) 
2.5 
3 .1 
3.2 
4.7 
3.3 
2.9 
1.6 
RDF range Typical clump 
(difference in width 
density 
bet..,.een 
inside/outside 
clump) 
·(1.1-2.S) 
1.4 
(0.9-3.1) 
2.2 
( 1. 2-3. 2) 
2 .0 
(0.7-4.7) 
4.0. 
( 1.0-3.3) 
2.3 
(1.0-2.9) 
1.9 
7. )m 
lQ.Sm 
(12.0m) 
10.Sm 
9.0m 
12.5m 
12.0m 
Clump diameter .'lax. distance 
in relation to between 
distance 'centres' dnd 
bet..,.een clumps 'objects' 
Dtstance 
bet'w'een clumps 
is smJller 
than clump size. 
· .. 
Distance 
bet..,een clumps 
= 18-2lm. 
., 
Distance 
between clumps 
~ ! Sm. 
123m 
120m 
l 14m 
11 lm 
>iOOm 
120m 
(0. 7-1.6) 
0.9 
10.0-12.0m Distance 123m 
:·;..,;:' .. , .. ..,.:· 
between clumps 
c. 1 S-30m. 
' '· •J:• 
~ 
" 
\Jl 
N 
.. 
~ 
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Table 4-4 (continued) 
/Species 
f 
/ 
N. dealbacaf>' 
(Wongabel 
Track) 
(Moomin) 
'Feature Indication of clustering Typical clump 
density (max. 
RDF) 
Category 
All trees Single area of high density 
indicated by high initial 
RDF(r) at low r, followed by 
declining RDt(r). 
All trees Clustering st.rang in one area 
(forest edge), with second 
grouping 75m from clump centre. 
Adults Weak clustering, with 2° peaks 
at 21, 48 and 72m from clump 
centres. 
Juveniles Dense clustering with more 
randomly distributed individuals 
outside the clump. Reflects 
regeneration at forest edge. 
Females 
Males 
D 
Males in 
relation 
to fe-
males 
Clusterin~ with areas of high 
density encountered at 24, 44 
and 72m from clump centres. 
Weak clustering ~ith variable 
densities of males encouptered 
with increasing r fromjl~p .--. 
centres. -~ 
Clustering with increas~ in. 
male ry.nsity at 21, 60 and 84m 
frdiif'Clump centres. 
4.3 
4.8 
2.5 
15.0 
7 .0 
2.0 
3.0 
~ 
RDF range Typ1cai clump 
(difference ln width 
density 
between 
inside/outside 
clump) 
(l.2-4.8) 
3.6 
(l.1-2.5) 
1.4 
(1.0-15) 
14.0 
(0.0-7.0) 
7.0 
-rt.0-2.0) 
1.0 
(I.3-3.0) 
1. 7 
·:. ';- ;;- .,,t .'.~~~.r 
15.0m 
' 
15.0m 
15.0m 
15.0-30m 
15.0m 
15.0m 
.\..· 
~ ... : : ..:. . ' '· .1. 
Clump diameter Max. distance 
in relation tO between 
distance 'centres' dnd 
between clumps 'objects' 
Distance 
between clumps 
smaller than 
clump diameter. 
Distance 
between clumps 
is greater-
than clump size. 
Distance 
between· clumps 
smaller than 
clump size. 
Distance 
betw~en clumps 
: l 5-30m. 
75m 
12-0m 
11 lm 
l08m 
78m 
120m 
102m 
-··"_ .. ,.,~·. 
-. 
vi 
w 
~ 
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Table 4-4 (continued) 
Species 
L. leefeana 
'(Curtain Hg) 
.. 
Feature Indication of clustering 
Categort' 
All trees Clus,ering with compound 
clul11Jls occurring at 36, 52 
70 and 84m from typical 
clump centres • 
Adults Clustering with clumps 
occurring 45, 105 and ~ 
from clump centres. 
Juveniles Clustering. 
Females 
Males 
Weak clumping - density 
variable with increas·in&' 
r from centres. 
Compound clustering. 
Males in Clustering - weak. 
relation 
to fe-
males 
.• 
Typical clump 
density (max. 
)!OF) 
3.5 
2.2 
<4.2 
1.5 
3.0 
2.4 
~· 
RDF range Typ1nal clump 
(difference in width 
density 
between 
ins1de/outstde 
clump) 
(O. l-3.5) 
3.4 
(O:J-2.2) 
1.9 
(0.5-4.2) 
3.7 
(0.3-1.5) 
1.2 
(0 -}.0) 
3.G 
(0.5-2.4) 
1.9 
20m 
30-45m 
24m 
25m 
30m 
30m 
:''-........_ 
··.-;/._;;. - .,_ :·--· 
-__ .,, ~ 
g 
Clump diameter Max. distance 
tn relation to betwee~ 
distance 'cent res·' and 
between clurrrps 'obJt00 cts' 
Distance 
between clumps 
; 20-30rn. 
Distance 
between clumps 
60m. 
30m 
25m 
30m 
501Jl 
<S!I 
IJ 
~ 
:-:·· 
>IOOrn 
"---
l 'l)m 
SSm 
l c,om 
150m 
150m 
:.:, 
.. ) 
~ 
l.r1 
./0-
\ 
/j 
Br 
~ 
Table 4-4 (coRtinued) 
Species 
L. leefeana 
(Wongabel) 
' 
" 
''... 
,' 
J 
Feature Indication of clustering 
Category 
All trees Clustering with irregµlar 
densities encountered with 
increasing r. 
Females 
Males 
? 
Males in 
relation 
to f e-
males 
Clustering but 
of individul}ls 
to peaks. 
;/ 
small number.s 
contributing 
Clustering but small numbers 
of individuals contributing 
to peaks. 1 
Clustering with evidence of 
compound clumps at 18, 26, 
40, 60, 77 and 90m from 
typical female centre. 
Q 
"/~ r/ 
"' /-
·~~ 
Typical clump 
d.ens1ty (max. 
RDF) 
5.7 
14.0 
4.5 
4.3 
I y' 
--:,: ;.,.· : ..... 
ljJ 
#' 
~ 
'{...!ll' 
RDF ran~e Typ1cal clump· Clump.~1ameter Max. dtstance 
(difference tn width tn relation to between 
density 
between 
inside/outside 
clump) 
(l.0-5. 7) 
4.7 
(0 -14.0) 14·0 
(0 -4.5) 
4.5 
( 1.6-4. 3) 
2.7 
.. 
6m 
6m 
Bm 
!Om 
distance 'centres' ~od 
between clumps 'objects' 
Distance 
between clumps 
= 15-20m. 
Distance 
between clumps 
= 30m. 
Distance 
between 
compound 
cl ump's = I Sm. 
IOSm 
60m 
125m 
>lOOm 
.. 
~ 
-~ 
; ,c .... '~ 
\J1 
\J1 
...,_ 
"" 
"· 
,'.:;f;..:,~-:·•·.\:.· ·::·". ~'--. :.,."_:-·) ,;._·_·:...: .,,,· -~~-' ~ , .:~~~-·.,::.i•-..:.•~::..'~::L ~~A--~.::-.~::·. 
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'/ ~ Table 4-4 (continued) 
Species 
D. penca;tiera 
., 
if 
---
Feature Indication of clustering Typical clump density (max. 
RDF) 
" 
J=ategory 
All trees Clustering with compound 
clumps occurring at 125, 165m 
from the clump centres. 
Adults Clustered with compound clumps ) 
occurring at 60, 120 and 165m 
from cl'ump centn:s. 
J.i,iveniles"'strong clustering wi~h 2 
maJor compound clumps. 
Females" Clustering with compo'und clumps 
54, 105, 120 and 165m from 
typical clump centr~. 
Males~ 'Clus ring with generally 
randoml distributed lndiv1duals 
3.1 
2.4' 
4.8 
3.2 
3.7 
at increas r from clump 
centres. -...,,;-
Males in 
relation 
to fe-
males 
Weak clustering with compound 
clumps at 30, 60, !10 and 
180m f.rom typical female centre. 
Juveniles Clustering with compound clumps 
in re- c.54 and 156m from typical 
lation to female centre. 
females 
2.2 
3.6 
·:~;·~~>.:,:_~:·~." -~~ ,,..~j-~·-·::. ~ .:r::~ 
RDF range Typical clump 
(difference in width 
densitj . 
between 
inside/outside 
clump) 
,_ 
(\.0-3.1) 
2. l 
(0.8-2.4) 
1·. 7 
'JO.Om 
36-54m 
90m for 
Clump didmeter Max. distance 
1n re~at1on to between 
distance 'centres' and 
betwe~ 'objects' 
Dtstance 
bet wet>n smal 1 
cl umps = l 5-20n 
and bet ween 
compound clumps 
= 60m. 
distance 
between 
compound clumps 
= 60m. 
Distance 
210m 
225m 
210m (0.8-4.8) 
4.Q compound clumps between 
compound clumps \' or 
ciJ.~.::4.8) 
5.6 
for compound 
Alumps , · 
' . ~3.2) .,~.o . 
(0.5-3.7) 
3.2 
(0.5-2.2) 
1. 7 
(0.4-3.6) 
3.2 
,;:!,.___.:; •• ·:- ... ,,.~:·. 
= l3Sm. 
32-39m for * Distance 204m 
compound clum~etweent 
ompound clumps 
= 4Sm. 
30m. Distance 219m 
b~ween clumps 
is less than 
clump size. 
12m Distance 216m 
between 
compound clumps 
= 60m. 
lSm Distance 210m 
between 
compound clumps 
= 90m. 
J ;.·~ • - ... ~ ,;: ., ;·' -
·' 
;·-
~ 
_) 
,... 
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Vl 
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Table 4-4 (continued) 
RDF.ran~e Typical clump Clump diameter ~ax. 
distance 
Species Feature In ation of clustering 
Typical 
density 
RDF) 
clump 
(max. (difference in width in relation to between distance 'centres' and 
· D. cupulosa 
Category 
A.].l trees Clustering with low between 
clump densities. 
18.0 
!1. poL4a.de.11oS All trees Clustering with compound clump 4.0 
J 90m from typical clump centres. 
Adults Clustering with compound 
clumping 90 and 135m from 
clump centres. 
Juven~les GJustering pronounced with 
cJ!npound clumps typically 
90m from clump centres. 
Clustering with compound 
clumps occurring 90m from 
~o clump centres. 
Juvenil~s 
iir" re-
lation 
ddults 
. 3.9 
4.2 
4.1 
density 
between 
~inside/outside 
clump) 
(0 -18.0) 
18.0 
(0.4-4.0) 
3.6 
(0. 5-3.9) 
3.4 
(0.3-4.2) 
3.9 
(0.3-4.l) 
,3.8 
between clumps 
12m · 
24m for simple Distance 
clumps. 60m between 
for compound compound clumps 
clumps. ~ 105m. 
24m· foF simple Distance 
clumps. 60m 
for compound 
clumps. 
24m for simple 
clumps. 75m 
for compound 
clumps. 
2 lm for simple 
clumps. 60m 
for compound 
clumps. 
~ 
between 
compound clum1>3 
~ 105m. 
90m 
105m 
'objects' 
> IOOm 
150m 
150m 
135m 
I !Sm 
.__,. 
... 
'· 
I 
.. 
\ 
Table 4-4 (continued) 
Species 
C. australe 
Feature Indication of clustering 
Category 
All trees' Clustering with simple clumps 
60 and lOSm from typical 
clump centre. 
Adults 
~ 
No clustering, generally 
randomly distributed with a 
few trees in the map corners 
contributing to the final peak. 
Juveniles Clustering - simple cluster 
with gradually decreasing RDF. 
Small Weak clumping. 
juveniles 
Large Weak clustering, generally 
juveniles rand~m distributio~ of 
individuals away from centres. 
----------
&Jr 
al clump 
(max. 
4.6 
1.9 
2.2 
1.6 
.. ,,-~---··-------·~-------~, 
.... 
,":';:· 
RDF range Typical clump 
(difference in width • 
density 
between 
inside/.outside 
clump) 
( 1.1-4.b) 
3.S' 
( 1.2-1.9) 
0. 7 
( ! .S-2.2) 
o. 7 
(0.6-1.6) 
1.0 
J 
~ 
. !Sm 
!Sm width of 
dense clump 
! Sm 
SOm 
,·1 • . -..<i:: 
~ '.. ":e_ 
";,..#' 
Clump diameter Max. di~tance in relation to between 
distance 'centres' dnd 
between clumps 'obiects' 
Distance 
between clumps 
= 30m. 
~ 
,.;'.} 
7 Sm 
75m 
75m 
75m 
7Sm 
:,.:' 
0 
V1 
():) 
/,.._, 
.. ~ 
- :'.;.!.--_. 
0 
'-; 
,_..: ... ,_; ~ .~: •. ::~~...:; .. -:.:"..-_:i->, "'"':,...~ :~:.:; .. _; :..::.:: .... ,:~~:~.;...: .• :~~~-~i.i:~:;:}:.-..:.~ .. ; ,:·; .': . _ _;. '.;:".-.::-· ... ; ·:" .... !i 
-
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Table 4-4 (continued) 
Species 
A. [erruginea 
(Curtain F'ig) 
(Wongabel) 
H. awderach 
D. repandula 
E. pubens 
.... 
F'eature Indication of clustering 
Category 
All trees Simple clustering with random 
di~tion outside clump. 
' 
All trees Simple clustering with 
decreasing density moving 
out from clump centre. 
All trees Simple cluster with decreasing 
density away from centres. 
f. 
r. 
"'" AJ.1 trees Small cluster but generally 
randomly d1stributed. 
All trees Small cluster but generally 
randomly distributed. 
e, 
~ ( 
Typical clump 
density (max. 
RDF') 
3.0 
3.3 
4.0 
5.5 
10.0 
RDF' range Typical clump 
(difference in width 
density 
between 
inside/outside 
clump) 
(l.0-3.0) 
2.0 
(2,0-3.3) 
1.3 
or 
!Sm 
9m 
(0.2-3.3) 54m 
3 .1 • 
( l • 7 -4,pi..'-
2. 3 
or 
(0.3-4.0) 
3.7 
(0 -5.5) 
5.5 
(0 -10) 
10.0 
., 
!Sm 
54m 
2m (= crown 
width).. 
;:singl:i trees 
possibly due 
to•sutkers. 
2m = crown 
width. 
,,;-.. .%,_ 
Clump diameter ~ax. distance 
in relHt1on to between 
distance 'centres' Jnd 
between clumps 'ob1ects' 
!ilm 
60m 
75m 
>lOOm 
>tOOm 
.";""·' ' : ~ -. 
.. ~ 
~ 
lJl 
\.0 
,,o-,,.,._~·.,J.c; ... ·· 
~ 
.... 
6 
J 
i.... ,•"' ~·-· _ ... --··· ... ,:...--~''""" 
Table 4-4 (continued) 
Species 
RAND Ll-L4 
RAND Nl-Ni. 
RAND Dl-D4 
;,,. 
Feature 
Category 
All 
points 
All 
points 
All 
points 
Indication of clustering. 
~ 
Random distribution. High 
peak at end is an artefact, 
.Random distribution. 
Random distribution. 
"" 
,, 
Ty~ical clump 
density (max. 
RDO 
RDF range Typical clump 
(difference in width 
denslt v 
between 
inside/outside 
clump) 
,,.---
__ f''-------__, 
) 
<I 
~ 
<?"':c-'.'> ., 
Clump d1~meter Max. distance 
in reiat1on to bet~een 
distance 'centres' and 
between clumps 'objects' 
,, 
~ 
n:.- ;·- >_,.;.;. i·_;, 
./ 
(J\ 
0 
,. 

:.:;. 
i i 
; 
! 
., 
" 
·,; 
Table 4-6 
<. 
·Chi-square-cl test for goodness of fit betw~~RDFs for 
dioecious population's.and RAND population with a poi~on dist~ibution RDF = 1 for every r (_see Ap1 endi~~-;:l f9~~-, 
deta11 s). · ', · -~ ....__., ~ 
\' . 
;i ~ ~ 
RDF Distributions tested a ains~ Poisson Distribution (RDF? r = 1) 
\ 
, 
.--' -~· 
x2 
df (r) 
p 
x2 
d f ( r) 
p 
x2 
d f ( r )· 
p 
~""" 
,,./ 
/" 
N. dealbata 
4 7. 737 
35 (36) 
0.05-0.1 
L. leefeana 
69.079 
53 (54) 
0.05 
D. pentamera 
-
85.049 
'72 (73) 
"" 0.1 
RAND Nl 
0.860 
35 (3~ 
>0.99 
RAN~ Ll 
26 .145 
4-2 (43) 
0.95 
RAND Dl 
10.993 
72 (73) 
>0.99 
... 
; 
,,,. 
RAND N2 
0.506 
3~ (36) 
' 
>0.99 
RAND 1.,2 
33.674 
50 ( 51) 
0.95 
RAND D2 
...16.571 
72 (73) 
>0.9'P 
, 
RAND N3 
1.144 
35 ('.36) 
>0.99 
RAND L3 
~.261 
50 (51) 
>0.99 
RAND 03 
13.243 
72 (73) 
>0.99_ 
RAND N4 
1.603 
35 ( 36) 
>0.99 
RAND L4 
38.~75 
50 ('.H) 
0.90 
RAND D4 
13.896 
72 (73) 
>0.991 
'fJ 
.,. 
---,----
~· 
' 
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Aglaia f er"ruginea 
<< 
Similar simple clusters are apparent with decreasing density of 
trees away from cen~res. The Wongabel Forest populatibn exhibits 
greater clustering and is probab1y a younger population. 
Betwe~n-group distribution of trees is random~ 
Melia azaderach 
There is a simple. cluster of high density. asoCiated with the edge 
of ·the forest. 
Paphnandra repandula 
/ / 
This species generally exhibtts a random distribution. Appareat 
clusters are only 2m wide, i.e. corresponding· to a crown width and 
therefore represent one ol' two trees oniy. "-~ ' 
Endiandra pub~ns 
Th~ distribution is a random one. 
represent pairs of trees. 
4.4.2 Nearest-neighbour analyses. 
Initial peaks appear to 
Ai 
~ 
Result$ of the nearest-neighbour analysis ~re presented in Table 
' 4-7, Population distributions no~ significantly distinct from random 
are Neolit:sea dealbata (all adult trees at Wong'abeb) and 
Litsea leefeana ~adult trees at Curtain Figt adults and male trees at 
Wongabel) ·• Male Litsea trees at Won.gabel exhibit a distribution 
tending towards uniform. All other populations 9re significantiy 
-----
cl~ped. 
Where sigri·ificantly aggregated distributions oc.cur,: clu!;i'ter~ng is 
weaker in males and.females combined than :1,n in(,iividual se~ groups for 
Neolitsea dealbata and Litsea leefearia but stronger" ' for· 
D,iospyrra--pentamera._ ·The finding. tHat Diospyros pen,tameta ma-les are 
significantly clumped contrasts withe the suggea.tllon from t·he RDF 
analysis ' that they. are not ?ighly · ciustered. The two 
Neolitsea aealbata populations snow similar values for R. The lack of 
consistency· betweej the two· Litsea l~efeana p~pulations .m~y reflect 
the relativ)ely sma'Jf popula"tion d~nsi ties. •. v 
(l. ... 
'\ 
". 
'~ 
..1' 
"' 
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Table 4-7 
Results of spatial analysis using the average nearest neighbour measurement of Clark & Evans 1954. 
(See'Ap~endix 4-2 for working). 
/'f 
! 
N. dealbata D. pentamera 
L. leefeant!' 
~ 
Wongabel ~ Moo min Halloran's Hill 
Cur,tain Fig Wongabel 
. ~ 
'7 
A F M A F M A 
F M A F M 
, F M ~ A 
.Density (m-2) 0.018 'o- 007 0.012 0.007 0.001 OL006 0.0003 0.001 
0.0~2 0.002 0.0009 0.001 0.0013 0,0007 O.OCXB 
' . 
x nearest 
~ 
., 
neighbour 3.48 3.73 3.33 4.84 4.01 4.98 
7.10 7.93 6.53 9.23 9.23 9.24 13.43 
6.76 22. 78 
distance (m) ~ 
,.. 
R 4• 0.93 0.-62 Q.69 0.82 0.26 0.79 0.24 
0.54 0.55 0.83. 0. 55" 0.62 0.95 0.37 
1.37 
" 
' 
p <0.05 ""' * * * 
* * * * 
* * * 
* 
~ 
A: Adults F: Females M: Males 
R: Deviation from a random distribution for which R = 1 (See Appendix 4-lb) 
. ' 
r' 
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4. 5 Discussion. 
The nearest-neighbour analyses confirm the tendency to cluster in 
the dioecious populations illustrated in the RDFs and add significance 
to the deviation from random distributions. The figures obtained for 
average distanc~ to nearest neighbour give an estimate of the 
distances over which pollen vectors are required to travel. All the 
aioecious species are relatively common and the inter-sex distances 
small. 
The use of raJial distribution functions allows the population 
greater detail. Radial distribution patterns to be examined 
~ 
functions for the arti•ficial I random I populations are useful as a 
reference. distrib~tion pattern with which to compare the experimental 
populations. The treatmefit of data i~ th.is way reveals similariti~s 
among dioecious species and Gifferences between dioecious and 
. ' 
hermaphrodite species. Since h~rmaphrodite 
for self-compatibilityr specifi~ spatial 
. . ' 
species were not tested 
differences' .~elating to 
compatibility cannot be ascettained. \. 
> 
" Dioecious species are markedly more clust~red than hermaphrod~te 
species, some of which exhibit a random distribution. Dioecious 
species populations"exhibit compound c!ustering whereas hermaphrodites 
form i;;inipler c'lumps · (a.n ° e.xception being the monoecious 
Mallotus polyadenos). Clump density is gen~rally higher in dioecious 
species' and the differen~e between density inside and outside clumps 
is greater in dioecious than hermaphrodite species. Simple c1ump 
width is slightly smaller. in dioecious species. Where it occurs in 
hermaphrodite species, compound· clump -width it? g'reater than in 
dioecious species. ~ 
A contagious d:i?stribu.tion of sexes was detected for the 
Neolitse{l dealbata, DiospyrQs pentamera and · fewale Litsea leefeana 
.;, 
\ populations )Table 4-7) •. Similarly Sakai and O~en ( 1983) found that 
male, female and bisexual tr.ees of Acer sacchar-inum were signifi;antly 
clumped. Bawa ~·and 0.pler (1977) faile"d to show a significant 
within-sex association for four t~opical. trees, and Melampy and Howe 
(1977) found that male and female trees of Triplaris ameri~ana, were~ 
randomly dispersed with respect to..each other. 
p 
Clustering fn male and ·female trees in the three dioecious 
~pecies mqy reflect ·s~me ·form of microsi&e preference on the part of 
the i:wo sexes (Bawa and Opler, 1977) •. Cox (i981). dem,onstrated that 
male and female plants of the trpptcal tree Trophis involucrata grow 
in soils wit\1 sig,icantly. different' total phosphorous contept. 
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However, the highly clustered nature of Neolitsea dealbata juveniles 
at Wongabel Track and Moomin is due almost entirely to the presence of 
a forest edge and high density regeneration there. Density and 
clumping is therefore more likely to be governed .~Y available ligh~ 
gaps (e.g. Denslow, 1980) befor·e edaphic or other micro-environmental_ 
conditions (e.g. Beatty, 1984) become eJfective. 
The marked clustering exhibited by dioecious species supports to 
a certain extent the proposal by Bawa and Opler (1975) that dioecious 
populations should be more clustered than hermaphrodites because they 
suffer relatively. smaller seed/seedling predation losses due to 
predator satiation. from prcrportionately .greater seed crop,s. Marked 
clustering of juvenile~ around females is pbserved in 
Uiospyros pentamera and Neolitsea dealbata populations, suggesting 
high sur~ival rates in these two species. Subsequent thinning due to 
competitio~ is not sufficient to mask the clustering pattern obser~ed 
in the adults. If survival of offspring around parent trees is indeed 
high in dioecious species, then the local neighbourhood of a female 
"'tree is likely to- consist 'largely of closely related individuals. 
Small inter-sex distances might not therefore confer any great 
advantage on the outcrossing system since the interchange of 
hetero&;neous genetic material will be relatively slight. Studies on 
genotape. distribution would determine whether competitive thinning 
significantly reduc~s the ratio of sibling to non-siblng genotypes in 
the immediate neighbourhood of femafe trees. 
1. 
2. 
3. 
4. 
5. 
' ' \ 
S U!Il'mfl ry 
Dioecious $pecies populations are clustered. 
'*' 
While all the dioecious populations have clumped distributions, 
hermaphrodite .speci)S exhibit a greater range of spatial pattern::;. 
. ' 
·. 
' ' Subsets of dioecious populations often exhibi~ local areas of high 
density. 
\ 
Whereas\the ~ajority of the investigated species show a tendency 
t~wards \clumping, in hermaphrodite p'Opulations the de~i.t:y of 
'between-'c-lump trees is more simiiar to clump densities and their 
distributions tend towards a random one. 
A contagious ?atte~n is 
Neolitsea dealbata but 
Liutsea 1,eef eana. 
-,. 
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6. Intra-sex clumping is exhibited by the dioec...ious species. 
I 
7. Juveniles are clumped in the dioecious species and show clustering 
around females in Diospyros pentamera and Neoli~sea dealbata. 
( 
8. Males are clumped with respect to females in the dioecious 
species. 
With the population 
reproauctive performance 
interrelationships between 
patterns described, features 
will now bena~~stigated, so 
breeding and ?i-~1rn can later be 
of the 
that the 
explored. 
P' 
Fig. 4-2 Population maps for exp_erimental species. 
D male trees X juvenile trees 
2> female trees + adult trees 
All scales in metres 
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Fig. 4-3 Radial distribution function$ for 10 tree species 
(15 populations). 
Vertical axis: RDF values; 
Horizontal axis: r measured in increment units (I) - see 
. Table 4-2 for distance equivalents of I; 
For the 1 experimental species (N. dealbata, D. pentamera 
and L. leefeana),. the envelopes of RDF values attained by 
the randomly distributed populations (RAND) have been 
indicated as a v~rtical bar centred at RDF (r) = 1. 
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CHAPTER 5 
FLOWERING PERFORMANCE AND INTER-TREE SYNCHRONY 
5.1 Introduction 
Investigations into the i floral contribution to pollination 
efficiency have often been per~ormed on small herbs or shrubs, bearing 
very few flowers and where in4er-plant movement of pollinators is 
explained thy the occurrence of anthesis in single flowers (see Faegri 
and Van der Pijl, 1971, for some descriptions). In insect pollinated 
trees, and in plants ~hich typically are several metres apart, the 
overall effect of the whole flowering crown may be of paramount 
importance in directing pollinator movements within and between 
flowering canopies. 
The timing of production and duration of flowers within a single 
erown invokes pollinator response to that tree. Synchronous flowering 
between neighbouring trees enhances the likelihood of pollinators 
mdving between crowns (Heinrich, 1975). Some tropical tree species 
p~puce few, long-lived flowers (Bullock and Bawa, 1981; ~ (l:~llock 
et al., 1983) which are powerful ittractants to potential, trap~ining 
vec·\ors (Janzen, 1971). Others exhibit out-of-phase nectar production 
betlieen trees of different sex (Appanah, 1982), again invoking 
pollinator movement. Many trees in the north Queensland rainforest 
show mass-flowering and are visited by a wide variety of generalist 
. 
invertebrates. Inter-tree movements max, depend on chance d~viations 
away from one crown towprds a neighbouring crown, coµpled with a 
mechanism that relies on resource/reward relationships between plant 
and insect. Trees slightly out-of-phase with each other effectively 
create greater inter-tree distances and therefore may induce longer 
inter-tree flights (Perry and St:a~·rett, 1980). The following question 
is asked about the three experimental species: how do features of the 
flowering process, such as flower morphology, presentation, longevity 
and rate of production, inter-tree and inter-sex synchrony potentially 
select the type and behaviour of pollinators and influence their 
movements between trees? 
The following are objectives for this chapter: 
1. To describe flowering performance in terms of: 
Flower morphology and longevity. 
The sequence of flower production in individual trees, • 
... 
The duration of flowering and its synchrony between trees. 
'{ 
!'' 
•• 
2. To relate flowering performance characteristics to: 
Pollinator 'syndromes'. 
Effectiveness of pollen transfer. 
3. To form a foundation for subs·equent discussion of: 
Pollinator types and efficiencies. 
Significance of spa~ial organisation. 
Pollen flow between trees. 
5.2 Species descYiptions 
5.2.1 Litsea leefeana (F.Muell.) Merr. (Figs. 5-1 and 5-2) 
Habit 
Evergreen, dioecious tree to 35m. 
Inflorescences 
97 
In clusters of 2-8 in the forks of leaves or at the scars of fallen 
leaves;the peduncle of a cluster of inflorescences is longer, up to 1 
cm, in male than in female plants (up to ?mm); the inflorescence is 
surrounded by 4 or 5 concave bracts, and cpnsists of 4-6 flowers. 
Flowers 
2-4 mm long; the perianth consists of 6 downy lobes or tepals; the 
male flower has 9 stamens as long as the perianth, arranged in two 
series, the 3 stamens of the outer series without glands on theit 
filaments, the 6 of the inner series with two .glands attached to the 
lower-part of the filament; anthers introrse; in the female flower 
I 
there are 12 staminodia nearly as long as the perianth, 6 in an oute~ 
series without glands and 6 in an inner series with glands, the 
stamens and ·staminodia are minutely hairy; the ovary is hairless, 
egg-shaped at the base and tapers into a style, the' stigma is dark, 
flat and slightly lobed. 
Fruit 
A drupe; black and succulent when ripe and containing a single seed. 
,,, 
Features related to pollination 
Litsea flowets are small and greenish, emitting an odour not 
unlike that of Parmesan cheese. 'The flowers (Figs. 5-1, 5-2) are 
actinomorphic with little depth (l-2mm) to their bell-shaped calyces. 
~ 
Anthesis and nectar production was observed to be diurnal and there 
are no visible nectar guides. These features suggest an unspecialised 
flower, suitable for ,opportunist invertebrate visitors although the 
112 
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Fig. 5-1 L. leefeana: flower morphology. 
a. 
b. 
c. 
d. 
e. 
Female inflor~scence showing bracts and 4 flowers. 
Female flower showing gynoecium, staminodia, basal 
glands and tepals. 
Male flower. 
S~amens from the inner and outet series with basal glands. 
Anther, filament and basal gland. 
Sc:ilc: c:ich cllvl~ion 1 mm 
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flowers may be especially attractive to syrphids, and bee-flies 
according to the 'criteria presented in Radford et ~l. (1974). The 
simple outline of the flowers and inflorescence suggests no special 
adaptation to attract Hymenoptera or Lepidoptera (Percival, 1974) and 
;f 
the rob.Mst, compact inflorescence 'provides adequate support 
relatively large in~ects such as the introduced honey 
(Apis mellifera) and hoverflies (Syrphidae). 
for 
bee 
On approaching the inflorescence, insect visito~s first ericounter 
the mass of protruding stamens or stigmas in male and female plants 
respectively. Even small flies alight on the s~igmatic platforms 
since female perianths tend to remain partially closed. Nectar is 
produced from glands situated at the base of the filaments.of stamens 
or staminodes (Fig. 5-1); ~ even short-tongued bees add fli~ 
easily utilise the nectar source in these small flowers. It is 
suggested that the scent and hemispherical m~ss of densely packed 
flowers in both male and female flowers combine as the major 
attractant to a variety of potential vectors. The significance, if 
any, of the darker stigmas ~s unknown, but may be related to the 
preference 
Fig. 5-2). 
' of flies to black on green, (Pe~cival, 1974 and see 
A description of visitors to the flowers i§ given in 
Chapter 7. 
5.2.2 tteolitsea dealbata 
(figs. 5-3, 5-4) 
Habit 
(R.Br.) 
Evergreen, dioecious tree to 15m. 
Inflorescence 
Merr. (Lit seq I dealbata /Nees). 
Stalkless; in clusters of 2-9, along wood less than one year old; 
the inflorescences are contained within 2-4 concave, downy bracts, and 
consist of 4-5 flowers. 
Flowers 
3-5 mm long; larger in males than females; the 'perianth consists of 
4 coarsely hairy lobes or tepals, the male flower contains 10 stamens 
arranged in two series, only the 5 stamens of the inner series bear )t 
pair of glands attached to the base of the filaments; anthers 
introrse; a rudimentary style is present in the centre of the 
perianth; the female flower contains 5-7 staminodia, only 2-3 of 
which bear glands; the gynoecium consists of an egg-shaped ovary 
attached to a long style which protrudes from the perianth and 
culminates in a glistening, white flat-topped, slightly lobed stigma. 
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Fig. 5-3 N. dealbata: flower morphology. 
·~calc: 
a. 
b. 
c. 
d . 
Male inflorescence with 5 flowers. 
Male flower showing 8 stamens, basal P 1 .ands and t/pals • 
Female inflorescence with 5 flowers, ~~d an inflorescence 
enclosed in bracts. 
Female flower showing gynoecium, stamenodia, basal glands 
and tepals. 
each division 1 mm. 
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Fruit 
A black drupe when ripe, subtended by an enlarged 
a single seed. 
Features related to pollination 
,., 
The same general remarks made about Litsea leefeana flowers apply 
to Neolitsea dealbata. The flower scent in this species is, however, 
sweeter and nectar production ap~'l::ently -~ore copious. The 
inflorescence clusters are generally more showy. In ~ale plants, the 
dense, yellow anthers are borne on long, slender fi,lament~· projecting 
well outside the perianth and the inflorescence forms a 
yellowish-green head, measuring up to· 12mm across (_Fig. 5-4). In 
females, the inflorescence cluster' is presented as a group of 15-30 
glistening white stigmas, borne on erect styles, the head &having 'the 
same overall dimensions as in the male plant (Figs. 5-3, 5-4). Pollen· 
is presented by means of valves exposing the 4 locules as_ in 
Litsea leefeana. Pollen is more or less slicky and ad)1~res easily to 
-body hairs of invertebrates. The stigmatic surfaces" a're lmm wide and 
almost flat, and covered with many minure papillae, perhaps presenting 
landing surfaces more appropriate for' airborne, rat'h,er than crawling 
insects. . A descr'i~tt~ of visitori;r--t:o Neolitsea d.ealbata flowers is 
given in Chapter 7. 
5.2.3. Diospyros penta~ra (Woolls ~nd F.Muell.) Woolls and F.Muell. 
"' 
ex Hiern. (Figs. 5-5 and 5~6) 
Habit 
Evergreen, dioecious tree to 30m with stem diameter up to 40 am on the 
Atherton Tableland. 
Inflorescence 
A group of 3-5 flowers in the leaf axils and shortly pedunculate in 
male' plants, or sipgle flowers in leaf axils .in female plants. 
Flowers ~J , 0 
4-5 mm long, globular, radially symmetricalp .calyx five-lobed, more 
or less connate at the base, sepals·prominent and outwardly deflected 
in female flower, small and cup-like in male flower; •- corolla 
five-lobed, petals cont·orted, fused to form a tube; stafu.ens J5-20, 
epi-petalous in 2-3 whorls and fused in radial pairs or tripl~ts; 
densely hairy;. anthe:i;s .basi-f:i_;,xed and latrorse. Female .flowers 
contain 10 stamipodia, epi-petalous and _fused in pai_rs, densely hairy; 
ovary ~s· globular, 
two pendant ovules; 
superior and sessile with 2-3 locules, each with 
stigmas 2-3; styles conna~e at the base; 
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Fip,. 5-5 D pentcune.i'a: flower morphology. 
a. tfale flower. 
b· •• Anthera 
c. Anthers from inner and outer series. 
d. Female flower showing promiriant sepals. 
e. Female flower sRo~ing gynoecinm. 
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pedicel short. 
Fruit 
Globular subtended by enlarged calyx containing 2-5 angular seeds. 
-........._ 
Voucher specimens (nos. SMH 164 and SMH 165) are lodged with the 
herbarium, CSIRO, Atherton, Queensland. 
Features related to pollination. 
Radford et al. (1974, p.280) 'give a summary of flower characters 
associated with 7 different.,;, pollination syndromes. Flowers of 
Diospyros pentamera have some features in common 
cantharophily syndrome, or pollination by beetles. 
anthesis occurring day or night (day in this species), 
with the 
These are: 
predom:!,.nant 
colours dull, odour fruity and strong, flower shape actinomorphic, 
flower depth bowl-shaped to more or less closed~ no .obvious nectar 
guides, nectar production open, pollen presented in large quantities 
(in male ·flowers only), flower parts many (stamens and staminodes in 
male and female plants respectively); 
broad and leaf-like (Carlquist, 1969). 
staminodes and stamens are 
The overall flower shape (Fig. 5-5) is a curved recept~cle (to 
5mm at the widest part), with con~rasting outwardly-reflexed calyx 
lobes and onarrow .opening to corolla in fem.ale flowers and a similar, 
narrow opening to the bowl-shaped male flowers. The slight colour 
contrasts of white with brownish pink P.atches on the upper surface of 
the petals are most marked in male flowers (Fig. 5-6); it seems 
unlikely that these serve as attractants ,or 
sparse and ofyfen arranged on the underside 
frag,rance (sifnilar in both sexes) may be 
insects in the vicinity of flowers. The 
guides as the flowers are 
of twigs. A fairly s~rong 
the prime attractant to 
flower parts are very stout 
and the gynoecium in particular is firmly attached to the receptacle. 
The numerous, long and silky hairs associated with both stamens 
and to a lesser extent, staminodes (Fig. 5-5) invariably fill the 
internal space df the receptacle and usually also the opening in male 
flowers. In female flowers the stigmas are unoccluded by ha.irs ;,. the 
latter are found lower in the perianth~ The recurved petal tips in 
,..., 
the female flower reveal the narrow, circular opening of the corolla 
into which the stigmas.project. 
In order to co\lect or feed on· pollen in male flowers, 
invertebrates need to climb down among the hairs. Movement among 
these structures may encourage insects to remain for relatively long 
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periods within the flowers, inadvertently collecting (and/or possibly 
re-depositing) body pollen in the process. Alternatively, the density 
I\ 
of hairs and the longitudinal presentation·of pollen in '\i.nthers may 
discourage anything other than vertical movement in the flower and in 
doing so, facilitate a rapid turn-over of visitors; the narrow 
perianth opening tightly packed with hairs would suggests that 
vertical movement is normal in the flower. If pollen is actively 
collected in this way, most pollen is probably transferred by small 
insects. Structurally modified nectaries were not found iµ either 
male or female flowers under light or electron microscopy and it is 
probable that nectar is secreted from nectariferous ti~sue at the base 
,, 
of the perianth. Structural nectaries have not bee~ described in the 
genus although Contrevas and Lersten (1984) r~port extra-flor~l. 
nectaries in Diospyros. 
The insect alighting or crawling on to a female flower is 
initially confronted with the group of stigmas. It must then crawl 
down between or beside the stigmas if searching for· pollen or nectar.~ 
Again, searching ~ take a primarily vertical route, facilitating 
contact with the stigmas on each ascent and descent. 
5.) Flow~r development and longevity. 
5.3.1. Diospyros pentamera 
Flower buds begin appearing in September, about four weeks 
I 
the initiation of anthesis. The average number of buds counted 
""' one, time'on male and female shoots is 9.2 and 3.6 respectively 
before 
at any 
(Table 
6-11). Overall, f1owe'r maturation is gradual, however, extending ov~r 
a period of 12 weeks during which new buds are matured and older~ 
flowers spent. 
Observations in the CSIRO arboretum suggested that male and 
female trees may exibit different pqtterns of flo~er production 
through time. On 1 November 1982, reproductive shoots on the male 
tree bore numerous immature buds and a few.mature buds but no flowers 
(Table 5-1) ·'.There were, however, a large number of flower scars. 
The buds remained at the same general stage of development until 10 
November when mature buds gradually began to open. The female· tree 
was prod~cing flowers gradually but constantly during this time. This 
suggests that male trees produce flowers in two 
fairly prolonged and gradual production of 
phases, each 
individual 
separated by a phase of non-flowering. Further evidence for 
,. , 
one a 
flowers, 
this is 
sought in patterns of flower production in individual males in section 
5.4.2.i. 
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The number of flowers open on a shoot at one time were scored for 
the two arboretum trees. Only one 
neproductive twigs on the ~male tree; 
flower open and one exhibited two open 
flower was open on each of 28 
of 26 male shoots, 25 had. one 
flowers (Table 5-1). Each male 
flower is aborted after one day of anthesis, w\tPle female flowers may 
persist for four days (Table 5-2a). 
Observations suggest that female flowers lose corollas after 
pollination or fertilisation bu~ the complete flower is aborted if the 
flower is not pollinated within 3 days of the commencement of 
re:cepti vity. 
hypanthium 
Fertilised flowers might lose their corollas (while the 
remains attached) since resources useful for embryo 
devel6pment would be wasted on advertising once successful pollirlation 
has occurred (Faegri and van der Pijl, 1971 p. 83). Table 5-2a shows 
the proportion of female flowers in an arboretum study that remained 
receptive for one, two and three days. Eighty percent of the flowers 
that open for only one day before losing corollas set fruit, whilst 
only 25% of flowers that ~pen for three days set fruit. In other 
~ords, 75% of flowers still retaining corollas after three days were 
aborted as whole flowers and assumed not to have .been fertilised. 
This suggests that the maximum period for stigma receptivity is three 
days irt this species. Bawa et al. (1982) report a reduction in fr~it 
set in hand pollinated flowers of Cnidoscolus urens that was directly 
" 
related to 
of intact 
time since receptivity began. 
corollas by aborted flowers 
Futhermore, the possession 
can be used as an indication 
that they were not pollinated, and this is discussed in chapter 6. 
\ 
5.3.2 Neolitsea dealbata 
Immediately after each flowering season, in May or June, a new 
flush of vegetative growth is produced and new floral primordia are 
initiated. Fruits take 10 to 11 months to develop and by 'the time 
they are ripened, new floral buds are maturing on the current year's 
growth. Inflorescence buds appear in groups along reproductive twigs, 
with. younger trees generally b~aring fewe~ primordia and fewer 
inflorescences at each primordium. Male trees generally produce more 
inflorescences and more flowers per inflorescence than do female trees 
(see chapter 6). 
Bud burst appears highly s'ynchronised among trees. Over the two 
day period 2 t~ 3 June 1983, many thousands of involucrate bracts were 
discarded from 1the male trees in the Wongabel population whereas there 
had been no previous indi~ation of imminent f~owering. Female trees 
; 
also begin to flower· at this 
population of Neolitsea dealbata 
time, althoug~ more gradually. 
in the Herberton Range, 15km west and 
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Table 5-1 D. pentamera: Flower counts per shoot and duration 
of anthesis in male trees; number of flowers open 
at one time in male and female shoots. 
(a) No. of flower ~cars and buds on 4 
reproductive shoots on a male Lree, 
1.11.82. 
no. flower scars 
no. buds 
no. flowers 
6 
1 
0 
·15 
2 
0 
0 
3 
0 
10 
3 
0 
(b) Number of flowe~s open per twig at 
one time for male and female trees. 
No. shoots No. open flowers 
male 25 1 
1 2 
female 28 1 
2 2 
(c) Number of days flower in an thesis in 
Bud number 1 2 3 
No. days in an thesis 1 1 1 
i~ aborted before anthesis 
..,, 
male trees. 
4 5 6 7 
1 1 * 1 
8 
1 
11 
'\ 
' 
9 
1-2 
I ) 
, , 
-- -·-
1 
\.' 
1, 
,, ' 
Table 5-2 D. pentamera: Persislence of flowers (a) and an 
estimate of stigmatic receptivity (b) in fcmdle 
trees. 
(a) Persistence of female flowers with corollas intact: 
no. 
Frequency of ~umber of flowers open I, 2 ,3& 4 days 
prior to corolla-loss. 
p 
flowers open day(s) Lefore I os i ng corolla 8 (51%) 
2 6 ( 40%) 
3 0 (-) 
4 1 (7%) 
111 
(b) Relationship between the number of days prior to corolla 
abortion and percent of flowers setting fruit. 
No. days mature 
corolla intact 
1 
2 
J.*. 
\-· 
No. flowers No. (%) setting fruit 
(i.e. corolla lost but 
gynoecium retained) 
45 
~ 
4 
36 (80%) 
16 (70%) 
1 (25%) 
No. whole 
flowers 
lost 
9 (20%) 
7 (30%) 
3 (75%) 
.. 
\ 
' .. 
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c.700m higher than the experimental population flowered almost ~ne 
month later in the year. Again individual members of this population 
'wtre highly synchronous in floral production. 
Showy inflorescences are revealed with the loss of bracts: 
groups of male inflorescences hold up to 40' individual fl,wers, often 
several inflorescen~s maturing simultaneously on a s,ingle 
reproductive twig'. Within each inflorescence cluster, hoJever, groups 
of flowers may be at slightly different phases of anthesis. In female 
trees, this aphasic receptivity is more marked, although within a. 
single inflorescence, all the stigmas tend to be at the same stage of 
receptivity This may ensure that a pollinatoL alighting on the 
inflo~scence touches a group of receptive stigmas simultaneously, 
.-depositing pollen on all, especially if, as in the case of hoverflies 
(Syrphidae) it is large enough for its belly to B'rush over the top of 
all flowers simply by landing and with little lateral movement. 
Anthesis in male flowers begins in early morning but large 
'"' spheres of pollen can be found adhering to anther locules at any time 
of day. Flower longevity is only one to two days in male flowers but 
senesced flowers are usually persistent; maintaining a showy display 
while other flowers in the group are still in anthesis. Senesced 
flowers are usually discarded 1-3 days after anthesis. Observations 
... 
during pollination tests suggest that female flowers are receptive for 
up to 3 days after which they begin to blacken; non-pollinated 
flowers remain attached to the inflorescence for up to 7 days. 
Glistening white stigmas 
gynoecia. The style and 
stand out well among older non-receptive 
stigma change from white to brown in 
persistent pistillate flowers, while senesced male and female flowers 
are aborted. The stylar colour change may indicate the absence of 
nectar to pollinators. 
Whilst most male flowers bore vestigial gynoecia, a few pistils 
were found, similar '1.n form but smaller than those functional in 
female flowers. These are soon lost after anthesis and are rarely 
noticed in the aborted flower collections. There was no evidence to 
suggest that gynoecia in staminate plants are functional. Nectar 
producti~n begins when the stigmas project just above semi-closed/ 
corollas in female flowers and at the onset of anthesis in male 
flowers. Nectar is produced for one day in male and for 2-5 days in 
female flowers. 
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5.3.3 Litsea leefeana 
Flower primordia in male and female plants begin to develop in 
November or December and buds take about two months to mature. Female 
trees flower biennially but those that produce flowers each year begin 
to develop bud primordia as the fruits are maturing. Male trees 
produce more inflorescences and more flowers per inflorescence than 
female trees; a cluster of male inflorescences may measure 2cm 
., 
across, while female clusters attain a diameter of only l.25cm. 
'Flowers within inflorescences generally reach the same stage of 
anthesis simultaneously in both male 
individual inflorescences within a group 
and female trees, although 
mature gradually over the 
flowering period so that each inflorescence cluster holds spent, 
mature and immature inflorescences during the mid or pea~ phase of 
flowering. Flower longevity is a single day in male flowers and 1-3 
days in female flowers. Nectar production commences as anthers 
dehisce and stigmas emerge from the partially closed calyces. The 
perianth withers at senescence in male flowers and, presumably, 
unfertilised female flowers. Fertilised pistillate flowers lose the 
perianth. These changes may signal to pollinators that there are no 
longer any rewards available. 
Unlike Neolits~ dealbata, inflorescences are produced on old 
wood as well as on new growth and flowerp on Glder wood tend to mature 
earlier. This is reflected in differential slzes of immature fruit 
early in the development phase. Flowering is highly synchronous among 
trees; all flowering took place between the end of January and 
mid-March in the Curtain Fig population (see section 5.4). ( 
5.4 Flowering sychrony 
5.4.1 General methodology 
5.4.1.i Flowering status 
Experimental populations of each species were surveyed early in 
the:in flowering periods, firstly to establi»h the sexes of potential 
experimental trees and secondly to determine the sex and age ratios 
for each population as a whole. Subsequent.surveys were made to 
determine whether individuals not flowering in the first survey were 
juveniles or late-flowerers. A summary of the survey dates for each 
species appears in Table 5-3. 
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Tsb1e 5-3 Sununary of aborled flower co11ection experiments for 
N. dealbata, DJ...pentamera and L. leefeana. 
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Species Year Status 
survey 
1 dates 
-+.~A~b~o~r~t~e~d-=-fl~o~w~e~r~c~o~1~l~e~c~t~i~o~n~s--,- Experimental 
from to no. 'Fall days' -=t~r~e~e~s~~~-
N. dealbata 1982 10.4.82 26.4 
6.5.82 (1982) 
D. pentamera '1982 14.10.82 17.10 
30.10.82 (1982) 
9.11.82 
L. leefeana 1982 9-11.2.82 26. 2 
23.7 14 
(1982) 
21. l 16 
(1983) 
12.5 11 
20.2.82 (1982) (1982) 
1983 26.1.83 6.2 
7.2.83 (1983) 
22.3 
(1983) 
5 
covered 
91 12 17 
106 11 9 
77 6 4 
44 5 
.. 
+r--i .• 
J: • ' 
·I'· F:· 
r-·~; 
) 
..... . 
... 
!; . 
·:i 
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5.4.1.ii Flower collections ' I 
,Experimental trees were chosen according to their s~ze (to 
correlate with flower production, see Chapter 6) and spatial position 
(to correlate with pollen and vector abundance and fruit set in 
females, see chapter 8). The rate and duration of flower production 
was measured by collecting spent flowers as they fell from the crown. 
Litter traps were constructed from squares of greenhouse shade cloth 
suspended from four posts and stood at about 80cm above the ground. 
One or two litter traps were placed beneath each experimental tree. 
Trap areas were calculated 2 weeks after construction to allow the 
mesh to settle; estimated trap areas are given in A~endix 5-1. 
Collections of aborted flowers, buds and immature fruit7 were 
made at y:'equent intervals during and beyond the flowerin1( period, 
oven drie'O and counted. Collections were made between April and July 
1982 for Neolitsea dealbata, October 1982 and January 1983 for 
Diospyros pentamera; two consecutive data sets were collected for 
Litsea leefeana from February to April 1982 and January to March 1983 
(Table 5-3). Collection intervals were not wholly consistent either 
for technical reasons or, in the case of Diospyros pentamera, because 
it b~came apparent that flowering was prolonged, the collection 
int:pfnsity was reduced. 
Individual flowers were counted for all three species. 
Additional categories were recorded for female Diospyros pentamera 
flowers: whole flowers (representing non-pollinated flowers), corolla 
I 
tubes (representing pollination events in the canopy) and corolla-less 
flowers (representing either pollinated or non-pollinated flowers (see 
chapter 6). 
') "' 
Flower catches are expressed as the number of flowers fal~ing per 
metre squared of crown shadow per tree per day for each sampling 
period for male and female trees (Figs. 5-7 to 5-12). Only counts of 
matured flowers are included in the data set. While male flower 
catches represent a sample of the true density~ of flowers produced, 
.. 
catches from female tree~ represent only the density of flowers that 
were subsequently aborted; the rate of abortion is nonetheless useful 
in determining the probable timing. of flower m~uration and the rates 
of pollination and/or fertilisation. 
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5.4.2 Results and Discussion. 
~· 
5.4.2.i Timing and duration of flowering 
Flowering times for each 
catchesr• Whereas the onset 
fl6wering ended well beiore 
gpecies were estimated from flower 
of flowering was easily distinguished, 
the last flowers were aborted in 
Neolitsea dealbata and Litsea leefeana. E/stimated maximum population 
flowering times are as fo~lows: 
Diospyros pentamera; 16 weeks between 17 October ~982 and 3 January 
1983. /• 
Neolitsea dealbata; 6 weeksJfrom 23 April to 11 June 1982. ) 
~~itsea leefeana; 2 weeks between mid Februar~nd the' first week 
. ...__ 
in 
March 1982 and approximately 5 weeks between 9 Fe-bruary and the end of 
March 1983 (Table 5-3). 
5.4.2.ii. Flowering synchrony. 
Two aspects of synchrony in flowering pattern within and between 
sexes were explored, namely: synchrony in onset of flowering, and 
synchrony in peak flower production (with estimates of lags in the 
latter). In the following description, flower 'production' rate is 
assumed to be related to the rate of flower abortion although peaks in 
• I 
the later collection periods, may be due to senesced but more 
persistent flowers. Flower production rates for individuals of each 
sp~cies are presented in Figures 5-8, 5-10, and 5-12; average values 
for the sexes are given in Figures 5-7 and 5-9, and 5-11. 
a. Onset of flowering 
Diospyros pentamera 
Individual experimental male trees began flowering over a _period 
of 23 days (Fig. 5-8 and Table 5-4). Female trees first began 
flower1ng from the third collection, but 6 days after the first males. 
- } 
Flower .initiation is staggered in males, whereas SO% of the 
experimental females.began flowering simultaneously during the 3 day~ 
of the third collection'period, i.e. between 20th and 22nd October. 
' 
Q 
\ .. 
.··• 
'.; 
. .:' 
,_.: 
.. 
',. 
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Tuble 5-4 Synchrony in flowering initiation in O. 1wnumern 1 
N. dealbata and L. leefeana. The col lecliun period in 
which flowers first appear in traps is given for each 
tree. Frequencies and cumulative percentages of males 
and females beginning to flmver in successive collection 
periods are also given. 
1. D. pentc~mera 
Tree 
Collection 
Collection 
if' f (%) 
Cumulative % 
~ f (%) 
Cumulative % 
2. N. dealbata 
Tree1 ~) 
Collection 
Tp-ee (~) 
Collection 
Collection~ 
~ f (%) 
Cumulative % 
a f (%) 
CulllJ4.!-ative % 
3. L. leefeana 
Tree 
Collection 1982 
Collection 1983 
<:', 
Collection 1982 
~ f (%) 
Cumulative % 
61 f (%) 
Cumulative % 
(? 
Females Males 
4 12 13 45 28 34 35 17 
5 5 3 7 3 3 3 8 
5 22 23 50 51 48 40 42 27 26 
4 2 2 1 7 4 4 5 
1 2 3 4 5 -6 7 8 
3(30) 2(20) 0 3(30) 1 (10) 0 1 (10) 0 
30 50· 80~ 90 100 
0 0 4(50) 0 2(25) 0 1(12.5) .)(12.5) 
so 75 87.5 100 
76 34 39 84 78 75 92 59 13 24 112 B c D 30 
4 5 5 5 5 4 5 ;-----5- 4 
/ 
}. 5 5 7 7 
83 73 88 91 95 6 67 111 14 23 113 A· 
2 2 3 3 2 1 2 3 1 2 2 2 
1 2 3 4 5 6 7 
~o 1(7.1) 1(7.1) 3(21.4) 7(50.0) 0 2(14.3) 
7.1 14.2 35.6 85.6 100 
2(16. 7) 7 ( 58. 3) 3 ( 25.0) 
<.>16.7 75 100 
Females · Males 
3.6 38 35 33 5.2 Hll ov 37 36 14 .11 4.8 NS 3.1 Hl3 34 
3 3 3 2 1 1 2 2 1 2 ' 
4 1 1 3 1 1 1 1 2 1 2 
1 2 3 4 1983 1 .;}. 3 4 
0 1(25) 3(75) 0 4(66.7) o· 1(16.77 1(16. 7) ~ 
25 100 66.7 83.4 100 
3(50) 3(50) 3( 60~ 2( 4_0) 
50 100 60 100 
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-~- female whole flo'wers 
''/ tJ 2 6 l·O 1 2 8 Collection 
D. pentamera: ·Mean. flowers trapped per m2 crown shadow 
per day for male and female trees. 
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Neolitsea dealbata 
' Male trees began flowering within 16 days of each other,. between 
26 Ap~il 4 and 14 May 1982 (Fig. 5-10 and Table 5-4); 58% initiating 
flowering by the 14th day. Some female ~rees began flowering during 
the same week ds males but 50% of the experimental trees starte~ to 
lose flowers in period 5, 13 days after the highe~t fr~quency for 
males in flower. The, trees which began to drop flowers in period~ 
were smal 1, b,elow ca.nopy trees. 
Litsea leefeana 
,, 
Flower initiation patterns in 1983 suggest that male tree~ ~egin 
flowering approximately 6 days ear Ider than females (Fig. 5-12, Table 
4-5) and intra-female flower initiation is more· synchronous than in 
males. In 19~3 all experimental trees except tw~ fem~les began 
flowering duri.r(g the same week. The date of flower initiation for the 
last female is unknown because sampling was interrupted for 10 days. 
' , 
These observations are based on ve'ry few experimental trees but it is 
suggested that ·the onset'of female f,lowei:ing occurs after that of male 
trees. e; ' ~ ,I' "" '' 
J b. Flower production peaks: 
Diospyros p~ntamera 
l 
Flower catche,s are presented as number of flowe.rs: ·trapped "'.per 
metre squared per day for each collection period' for, individual trees·~ 
.;;>. ' ' 
and male and female groups (Fig. 5-~h.·' · B~~ause the. fl6we: retention· 
period is short, flower fall is ass/ed ·c.o represent t·he real ~atterll' 
of flower production. · · ' 
All~~~le trees bav~ reached a fiowering peak by the 12th 
collection period,, 59 days after commencement of flowering. Six of 
the .,trees (5,51,48;40,42,50) ex1iibit two flowering peaks.; four trees 
(27, 26,22,6) exhibit a gradual increase in flower _produ~tion le.adihg 
to' a dramatic, peak in the ·second half of the flo~ering~eriod. l'ree 
23 began flowering e;rliet · than the o~her lQ and p~ duced a larger 
number of fl?wers. The frequencies of major flower p oduction peaks 
are shown in Fig. 5-13. The.sample group exhibits variable times for 
p~oduction peaks and it is concluded that the mqle pcrpulation 
characteristically produces flowering peaks ~t different times 
throughout the flowering period. However, Table 5-5 snows that ther~ 
is a fairly high degree of synchrony in flowering peaks between pairs 
of n_earest-neighb'our sample trees, suggesting a degree of . spati~l 
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synchrony within the population.• Griffin (19~0) also describes 
clustering of .indiv"iduals with closely-matched flowering peaks in a 
stand or Eucalyµ.t_µs regnans, presumably assisting outcrossing in this 
hermaphrodite $pede'S. 
The distribution of first and second peaks is spre~d throughout 
the flowering period, suggesting that flowers a?d the resources they 
contain are available to vectors in pulses during'the flowering phase. 
Appanah (1982) demonstrates a diurnal asynchronous pattern of nectar 
production between male and hermaphr-0dite trees of 
Xerospermum intermedium. 
troughs and peaks in flower 
partially control vector 
In the Diospyros pentamera population, 
production throughout the s~ason may 
movement from trees of low to high pollen 
and/or nectar production. Local synchrony, coupled 
cessation of anthesis would maintain local vector 
promote a certain degree of inter-tree searching. 
with periodic 
densities and 
Two female trees produced very few flowers and have been excluded 
from these analyses. Whole flowers represent non~pollinated flowers, 
corolla-rings indicate a pollination event in the canopy and 
corolla-less flowers may have been pollinated ~?tp later aborted or not 
pollinated but subsequently lost corollas (see discu~sion in section 
5.3.1 and chapter 6). Fig. 5-7 shows that major corolla-loss for the 
group occurs at period 9, coinciding with a peak in male flower 
production and a frequent initial peak in individual male tre·es. 
Whole, non-pollinated, flower ·catches ge~erally increase with tim~ 
. 
until a major peak is reached at the end of flowering, a possible 
indication of a decrease in available pollen.at this time. The sum of 
corolla rings and whole flowers represents total flower production per 1 
unit area and this apparently increases towards the end of the 
flowering period. Average flower production patterns for tKe 
population are consistent between the male and female groups. 
Individual female patterns (Fig. 5-8) show a marked peak in 
.,.. 
whole flower loss at period 12, following the major peak in 
corolla-loss, an exception being tree 17. Pollination events occur 
most frequently in all trees between periods 8 to 12 followed by a· 
period of flower abortion, possibly as a result of insufficient pollen 
supply. 
If pollen av~ilability, rather than a physiological excess of 
flowers is responsible for flower abortion, then the_following may 
explain the relatioqship between peaks in female flower loss and 
pollen availabilty. If cumulative curves of corolla ring and whole 
flower catches are plotted, the times at which pollen is most and 
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Tnble 5-5 D. pentamera~ Synchrony in flowering peaks between 
pairs of near-neighbour male trees. 
Tree code 27 5 51 48 6 22 40 26 42 
-Collection period phowing 12 12 9 9 12 7 12 12 9 
major flowering peak 
Collection period showing 12 12 9 9 12 4 9 12 12 
major flowering peak of 
nearest monitored male ~ 
neighbour. 
No. matching pairs 7 (63%) 
50 23 
9 4 
9 ? 
Table 5-6 D. pentamera: Ratio of pollinated:non-pollinated flowe~s' 
trapped beneath female trees. Figures based on numbers 
of corollas and whole flowers trapped per trap per 
collection. 
'"' 
Tree code Pollinated:non-poAlinated Ratio 
35 160:570 0.3 
4· 101: 132 0.8. 
12 288!125 2.3 
13 436:217 2.0 
28 . 129:315 0.4 
45 177:1,18 1.5 
17 170: 98 1. 7 
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least abundant can be suggested for individual trees (Fig. 5-15). 
The steepest part of the corolla curve is equivalent to the highest 
density of pollination events; the steepest part of the whole-flower 
curv~ represents periods of limited pollen. The trees fall into 
separate groups with respect to ratio of pollinated to unpollinated 
flowers and the degree of overlap in periods of maximum and minimum 
pollination (Table 5-6). Trees 12 and 13 have a high ratio of 
pollinated to non-pollinated flowers, 45 and 17 medium ratio and 35, 4 
and 28 a low ratio, suggesting high, medium and low pollination rates 
relative to the availability of flowers, respectively. Periods of 
maximum pollination overlap quite considerably with high rates of 
unpollinated flower abortion in treesu 28, 45, 17 (Fig. 5-15); 
suggesting that the amount of pollen reaching trees during· the period 
of maximum density is sufficient to pollinate only a relatively small 
proportion of available flowers~ In four trees, there is much.less 
overlap between phases of maximum and minimum pollination, suggesting_ 
below optimum pollen levels during the latter part of the flowering 
phase in trees 35, 13, 4 and the early part in tree 12. These 
changing ratios of corolla to whole flower catches are unlikely to 
reflect po~Ll..nation limitation due to distance from a pollen source 
since they o.ccur at different parts of the blooming period. They are 
probably related instead to the different phases of pollen production 
by individual males. The separate peaks in flower production were not 
monitored in all neighbouring males for each female and so this cannot 
be tested. 
In conclusion, individual female trees exhibit different patterns 
in flower abortion rate and these may reflect ~ither: 1) as in male 
trees, differential flower produ~tion rates, or 2) a direct 
relationship to pollen availability. Pollen densities reaching female 
trees are discussed in chapter 7. 
\. 
Neolitsea dealbata 
Plots for individual trees (Fig. 5-10) suggest that there is 
s.ome degree of synchrony within sexes, al though male trees begin 
flowering earlier than females (Fig. .5-9). Frequencies of major 
peaks in flower loss have been summarised· in Fig. 5-13. Male trees 
generally exhibit a single peak, most commonly at period 5, whereas 
females show an initial peak at period 5 but the major peak occurs 
around periods 7 and 8. A bimodal peak in flower loss.is observed in 
some male (111, 14,95,6) and female (24, 112, 76) trees in periods 5 
~ 
and 7. It is unlikely that this pattern represents differential 
phases of anthesis of the kind des~ribed for Diospyros pentamera 
males. The reduced flower loss occurs at period 6 in all these trees 
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~nd may bJ. due to weather conditions altering the pattern of flower 
loss. Lows in Diospyros flower abortion generally occur over 2-3 
collections and are irregularly arranged in time. 
In section 5.3.1 differential flower abortion rates between male 
and female trees ·were described and these should be considered when 
interpreting the periodicities displayed in Figs. 5-10 and 5-9. 
Collection intervals covered a period of 6-) days and since, in male 
trees, flowers are aborted from 1-3 days following anthesis, the 
abortion peaks coincide relatively closely in time to the flower 
maturation reaks. In female trees abortion of unpolli~ated flowers 
takes place up to 7 days after flower maturation, suggesting that the 
corresponding anthesis peaks occur approximately one collection period 
earlier. 
Using this differential flower abortion rate rule, true flowering 
phase and peaks have been estimated for individual male and female 
trees and charted in Fig. 5-14. For individual male trees, flowering 
peaks are assumed to be closely related to the apparent peaks and 
occur at the steepest increase in flower loss. Thus the flowering 
period is described from the first flower catch until the first major 
peak tn flower loss. S~bsequent peaks may be related to loss of more 
persistent, senesced flowers since they usually occur after>· the 
observed end of flowering. For female trees, the period prior to the 
if 
first observed peak in flower loss is taken to represent peak 
flowering and the period prior to the last major peak to represent the 
end of the flowering phase. The exact duration of a peak flowering 
phase cannot be deduced from these data. With this correction fa~tor, 
the apparent difference between male and female flowering 
pe~odicities (Figs. 5-9, 5-10) is considerably reducea although the 
peak for female trees apparently lags by approximately one week behind 
that of the male trees. 
The apparent lag in flower productioR and/or abortion in females 
relative to males requires fur.thet discussion. Firstly, if there.is 
no real difference in the flower loss rate between the sexes~ the 
first female peak would represent the real flowering 'peak (and loss of 
~npollinated flowers) a~d-the second p~ak a final abortion of all 
_ remaining unpollinated flowers or fertilised flowers over and above 
the maximum that it is physiologically possible to mature. This 
explanation would require that females flower for a longer period than 
males. 
152 
. ' 
'j 
" 
, 
" 
) 
Fig. 5-14 
I 
. ' 
·\ 
r ... 
Female 
76 
92 
75 
84 
1 I 2 
I 3 
59 
40 
39 
t 
78 
D 
-=====>--- ----
-==:=::J- ------
-==:=::)-------
-===-------
---<====>------
------~==:::l- ------
------ -c:::==------ -
--- ----c:===-
-- --- --c:::===>-- --- --
- ---- --<===::>----- - -
- ------c::-==e-
------:.c===-
nd =----
nd ~---
- - - ... ~-'*'£ 
------ -c:::===-
-------<=~-
6 7 8 
Collection 
139 
Hale 
67 
95 
A 
8 3 
111 
1 4 
6 
1 1 3 
91 
88 
73 
23 
9 1 0 11 
N. dealbata: Flowering synchrony in male and female trees. 
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COLLECTIONS 
D. pentamera: Cumulative whole flower and corolla counts 
per m2 crown shadow per day for each collection period 
for 7 female trees. Whole flowers represent unfertilised 
gynoeGia. Corollas represent'successful pollination or 
fertilisation. 
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Assigning a different length of time to flower persistence in 
male and female tre;es is realistic since female flowers are~own to 
be receptive for three days; the period between pollination and 
fertilistion is unknown and an indefinite pe~iod may elapse before 
J 
fertilised flowers are aborted for physiological reasons~ 
'\:I 
The seco_nd major peak in female flower loss may represent an 
abortion of senesced unpollinated or unfertilised flowers. in ~xcess of 
the physiologi~al capabilities df the tree to mature them. 
Alternatively, they are unpollinated flowers lost because pollen is 
limiting at this end of the flowering period: the density of pollen 
reaching female trees is measured in chapt~r 7. Aborted flowers 
contributing 
proportion 
prop-ortions 
to these data were apparently undeveloped 
pollinated is unknown. In chapter 6 the 
of pollinateq/unpollinated flowers are determined 
sample of trees. 
I!) 
but the 
relative 
for a 
Three alternative interpretations of these results are pres-ented: 
1. If pollen supply is not limiting and a constant number of flowers 
are fertilised proportionally to the number produced, then the 
major peak represents flowers lost due•to excessive phisio1Qgical 
clemands, aborted whether pollinated or not. ·· 
2. If pollen supply is limiting, then. the second female p_eak may 
represent a real increase in the loss of unpollinated flowers and 
hence a decrease in the pollination rate at the end of male 
flowering. 
3. With a highly synchronised flower productio~ in male ·and female 
trees but a lag in abortion in females, the secon,d major peak 
expressed by females represents the ~otal number of unpollinatec} 
anµ unfertilised flowers, falling more or less simultaneously at 
the end of flowering. 
Whichever of the above apply, . flowering is synchronous within and 
betwee~ sexes and occurs within the first six collection periods (i.e. J 
within five weeks of the commencedment of flowering). Since sample 
intervals were large relative to the flowering period, similarities 
between periodicities in female flower abortions may be related to 
win~ and rain patterns between collecti6ns. 
\ 
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4 
Litsea leefeana 
When experimental work commenced in February 1982, some trees 
were already in flower, others probably did not tlower at all and 
' productivity was generally very low. In 1983, flowering was more 
productive throughout the whole population but relatively fe~ 
• 
collections were made. Very few fruit had been produced after the 
1981 and 1982 seasons, althoug~ 1980 h~d been a productive fruiting 
season for this population (T. Risley, pers. comm.). The rate of 
flower drop per metre squared per da~ is reproduced in Fig. 5-12 for 
individual trees and in Fig. 5-4 for average values for male and 
female groups in each year. 
The major flower loss peak for male tre~; in 1982 occurred at 
collection period 3 (Fig. 5-13~ suggesting that peak production and 
anthesis occured just prior to this. The pattern for female trees is 
similar and flower production and/or loss appears to be fairly 
synchronous between the male and female groups. Patterns of flower 
loss vary between individuals whereas the peak flower loss occur\ by 
period 3 in five male trees, that for tree 3.1 occurs at period '6. 
Female trees appeared to yroduce very few flowers in 1982. and peak 
losses occur in periods 3 and 4. The disproportionately large loss of 
flowers from tree 33 contributes significantly to the wide peak for 
the group as a whole and may be due to low pollen densities reach~ng 
the tree even during the peak male phase. Collection period 3 
represents 12 days after commencement of the experiment. Flower 
production was estimated to occur within 2-3 weeks in this season. 
IQ 
For 198j, male trees appear to have reached a peak by the third 
period, whereas female flower loss is,s~ill increasing at period 5. 
The male peak occurs 17 days after commencement of the experiment and~ 
in this case, flowering. This compares well ~ith the male peak in 
1982 which occurre~ 12 days after the experiment commenced. With a 
highly productive group of females in the 1983 s~ason, the rise in 
flower loss after the male peak 'may be expla'ined by a drop in 
available pollen at this time and/or spontaneous abortion of 
~ollinated flowers that would create too large a physiological demand 
on the tree if matured. The estimated flowering period was 2-5 weeks 
for this season. The diff~rential abortion rates observed in 
,. 
Neolitsea deaibata. could equally well apply to Litsea since flower 
retention times are similar for Jhe'two species. However, the male 
and female groups seem well synchronised and data are comparatively 
few, making a more detailed examination unjustified. ~ 
~ 
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There is some eviden~e to suggest that ne3r-neighbours exhibit 
greater synchrony than individuals further away from other 
conspecifics. For 1983 trees 3.1 and 4.8 (close neighbours) show 
similar peak periods at colle<€tion five whereas the other 3 male trees 
elsewhere in the population exhibit a different peak flowering time . 
c. The identification of lags ~n periodicities 
production. 
of flower 
To investigate further the degree of synchrony in flowering 
between male and female trees, the correlation in time of male and 
female flowering peaks was tested. The correlations between past and 
future relative values of average male and female.flower production 
were calculated using the 'POLSTA' programme (D. Green, 1983). 
Cross-correlograms were plotted (Figs. 5-16, 5-17) to show the 
correlations of average female values with past_ (to the left) and 
future (to the right) values for the male curve. High correlations to 
·the left show by hbw much females lag behind males. Since the length 
of sampling interval varied, an avei'lage value (for all sampling 
' \ 
intervals) was determined 
along the horizontal 
to represent the sample in~~rval (in days) 
1----. 
axis, viz: Diospyrostpentamera 6.4; 
Litsea leefeana 1982, 7.0 and 1983, 9.6; Neolitsea dealbata 7.3 days. 
Diospyros pentamera 
,, 
Correlograms were plotted for correlations between male flowers 
and female whole flowers, petals and the sum of whole flowers and 
petals. The sum of whole flowers an& corollas (Fig. 5-16A) 
represents total- production of female flowers. There is poor 
correlation between the series but the highest correlation (r 0.5) 
occurs three sample periods (i.e. 19 days) behind that for males. 
Similarly the pattern for corolla drop (Fig. 5-16B) ,lags ~ehind the 
·male curve by 19 days. The correlation between male pattern and 
female whole flower production (Fig. 5-16C) is less significant (r 
0.35) and lags behind males from 19.2 to 38.4 days.· The cross 
correlations ar~ generally poor and reflect the variation in peaks in 
Fig. 5-1. The degree of significance is remarkable since the 
correlations are based on the coincidence of all the peaks, not just 
the first one where a significant difference is to be expect:ed and is 
more important,. 
" 158 
. t '] 
,•···' .. , 
i 
f . 
i 
~ 
l 
! 
,• b 
• •'l;fb 
· .... ' 
·;.1 
.. 
1· 
. ···1 ·' 
·. . . 
•"t' 
_, 
A 
• 
• 
• 
I, 0 
• o: 5 
•• 
• 
·--- ·*·-•-·---------a---------·-----~ 
• r 
.. / 
20---------10-----5---=!;0 ____ s----10-------
B 1,0 
0;5 
••• 
-0;5 • 
-1 ;o 
20---------10-----5----- -----5----10-----
145 
c 
Of> 
0 
0 " 0 
• ·* 0 1----*· -C-,-~~------Q---------1•·---Q 
" 
:\, 
·\ C> 
" 
I 
• C> 
* 
(' -0~5 
* 
0 
0 
0 
20---------10-----5------' ;0 ____ 5 _____ , 0-----
D. pentttmera 
A Correlogram of female whole flowers 
~nd corollas with male flowers. 
B Correlogram of female whole flowers 
and male flowers. 
C Correlogram of female corollas 
and male flowers. Each collection 
~nterval represents 6.4 days. 
Fig. 57 16 D. pentamera: Cross-correlograms of periodicities in 
male and female flower fall. I 
llorizontal axis: sample interval (each division repres~ts 
6.4 days)·; 
Vertical axis: correlatio,n. coefficient { r); 
Each value represents thelcorrelation between the coincidence 
of peaks in' male and female c~tches with time. Values to 
the l#t of zero represent c.orr.elations· of females behind 
malei~nd values to the right represent correlations of 
females ahead of m?les. 
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\I' L. Zeefeana 
A Correlogram of female with male 
flouters -- 1982. 
s-\corr.elogram .of female with ma1e 
flowers - 1983. Each collection 
-interval represents 7 days. 
. N. dealbata 
,CjC~ram of female with male 
""flowere-:-Each collection interval 
represents 7.3 days. 
Fig. 5-17 L. leefeana and N-. 
periodicities in 
. "' ealbata: Cross-~orrelograms of 
nd famalJ? flower .fall. 
Horizontal axis: sample interval (each division represents 
7 days for L. leefeana and 7.3 days for N. dealbata); 
Vertical axis: correlation coefficient (r). 
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Neolitsea dealbata 
Male peaks
1 
pred,ict female peaks at 
simultaneously) \and two sample interval,s (14.6 
5-17C). Correl4tions are $lightly higher (r 
Diospyros pen tame\ a, ref,lec ting a higher degree .of 
· .. '® 
,, 
v 
.14 7 
time zero (i.e,. 
days) ahea~ (F~g. 
0:6) than in 
synchrony in time. 
1 Litsea leefeana \---------
\ 
\ F~r the 1982 data there is a high correlation between 'male and 
~,emale curves for values associated with no lag (r = 0.75) and a 
secondary la& of about 7 days of females behind males (Fig. 5-17A). 
In 1983 r~sing female values at toe end of the sampling period appe~r 
to predict male ,values 48 days in advance (Fig. 5-17B). 
e 
5.5 Discussion 
Neolitse~ dealbata and Litsea leefeana are mass-flowering species 
in that individual , trees produce a la~ge number of flowers over a. 
short period of time (Janzen, 1967, 1971; Heinrich and Raven, 1972; 
' " 
Gentry, 1974). The population flowering period is short and highly 
synchronous. Diospyros pentamera ~wering, on the other hand, is 
slightly less synchronous, extends over a longer. period, and 
individual trees produce their flowers . fllOr~ gradually in . time 1~ 
the ·individual trees produce relatively large numbers of 
om pared with those s-pecies with extended flowering repprted 
. 
h (1?82), Frank.le e.t al. (1976) Heinrich and Raven (1972.) by 
and Dobkin (1984). Flowering timing, dur~tion and sy~chrony is 
are· 
y 
discussed here in relation to the breeding process and com~arisons 
made wit~ studies of other tropical.tree species. /-
5.5.l ¥fower morpho~ogy 
The\. three experimental species have small aud i:-elatively 
unspecialised flowers except for the dense hairs contained"within 
Diospyros pentamera co\~llas, which are thought to trap small insects 
within the flower. Small,. pale and unspecial,ised flowers are common 
in rainforest trees, including dioecious sp~cies ~(Bawa, 1980b; 
Givinish, 1980) and in general 'attract a S'l).ite of generalist or 
opportunist pollinators. The a~rangement of flowers and 
inflorescences in dense clusters and tne mass flowering strategy 
. 'Ii 
exhibited by Litsea leefeana and Neolitsea.dealbata enhanc~ the floral 
display in these two . species. The larger . flowers of 
Diospyros pentamera are fewer in numb;r, probably more conspicuous by 
scent than appearance and may induce a searching response from 
<;>_ 
l h l 
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pollinators. The 1 illustrations of Degeneria vitiensis (Thien, 1980, 
Fig. 6) show dark patches on the outer surface of the petal tips. 
Although Thien does not dlaw atten~ion to any possible significance of 
these, it is interesting to note that Diospyros pentamera petal~ are 
simii'arly-bicoloured: perhaps '4~s is . a . feature related to 
pollin,ation by beetles . 
5.5.2 Flower longevity 
Female flower longevity in Neolitse~ dealbata, Litsea leefeana 
·and Diospyros pentamera compares well with times quoted by other 
authors. Female flowers of the dioecious Mallotus oppositifolius 
• 
remain 'open' for one week (Lock and ~all, 1982). Tanner ~1982) cited 
three hermaphrodf't:~ insect pollinated tree species from Jamaica 
(Cyrilla racemiflora, Miconia theaezans and Solanum punctatum) whose 
flo~ers remain open for 3-5, 2-5 and 1-5 days respectively and 
suggested that prolonged longevity enables adequate pollinator 
\ visitatio~ even when inse~t activity is reduced during wet·~weather. 
) The.se contrast with a humming-bird pollinated flower Palicourea alpina 
which lasts a single "day and is subject to ·precise and ,regular 
traplining behaviour, by ~he v~ctors. Similarly, the hermaphrodite 
Hylobanthus prunifolius flowers (Augspurger, 1980) are receptive for a 
single day only a
1
n<i' pollinati~n· is effected by a re.latively 
specialised visitor. 
0
Applanah ( 198.t) shows that the hermaphrodite 
i. 
flowers of Xerospermum intermedium last for up to 3 days where'j8 male 
flowers are functional for a single,,.. day. Similarly, singfe male 
flowers of Neolitsea dealbata, Litsea leefeqna and Diospyros pentamera 
are in anthesis for only a single, day b.ut. female flowers are receptive 
for a 'longer period. In dioecious species, an extended receptivity 
perioq in pistillate flowers increases th~ chances of pollen. reacbing 
the stigmas from several different sources. 
The loss of whole, senesced flowers or of the corollas of 
fertil~d flowers .ra'duces n?n-useful visits by pollinators. Vectors 
may use these cues to determine which flowers contain nectar and/or ' 
pollen (Casper and I;>ine, 1984). Thieu (1980) -noted that the petals of 
the oe~tle-pollinated tropical tree Degeneria vitiensis also drop off 
after a single d~y's anthesis. Since the petals are used by 
Coleopt~ as landi~g platforms, their loss may be interpreted as a 
positive discouragement to insects. While visitors to 
Diospyros pentamera flowers are apparently encouraged to land fully on 
the centre of the perianth, the loss of the corolla after pollination 
or senescence may reduce vector visitation to these flowers. 
,./ 
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5.5.3 Timing 
~he annual flowering times for each of the three species appear 
to be fairly consistent between years, although there may be a 
.difference ?f severatweeks.in the date of commencement of flowering 
in consecutive years. Diospyros· pentamera Segins flowering at the end 
of the cool and dry winter period and continues into the wet season. 
Litsea leefeana flowers in the latter part of the wet season whereas 
Neolitsea dealbata blooms in the drier, early winter. ~anner (1982) 
showed that the majority . of 20 monitored species in a seasonal 
Jamaican forest flower in the dry or the early wet season, but none of 
these confines its flowering entirely to this period. Hilty (1980) 
demonstrated that. flowering periodicity is less marked in a less 
seasonal, prem9ntane, cloud forest. Janzen (1967) associated 
mass-flowering s~ecies with the dry peripd in highly seasonal tropical 
forests. ~lowering times of Dio~pyros pentamera and Litsea leefeana 
do not coqfonn with this generalisation. Observatio~s in north 
Queensland/ 
into flow~r 
especially 
rainforests suggest that a large number of species do come 
during the drier winter period, between May and October, 
species that are common or associated with forest 
dtsturbance. Tanner and others (e.g. Arroyo, 1979) have associated 
wet weather and cloud cover with reduced insect ac~ivity, inferring 
some advantag~ to species flowering in drier conditions. However, in 
the mar·kedly seasonaJ,. climate experienced by north Queensland forests, 
where heavy rain is regularly interrupted by periods of sunshine, 
fr~ently on a daily basis, weather patterrts are unlikely to affect 
po~nator activity sufficiently for it to be a disadvantage to flower 
during the wet season. 
The date of flowering initiation for Neolitsea dealbata in 1982 
-----. 0 -
and 1983 differed by several weeks and i't seems likely that an 
environmental cue trigg~rs the flowering response. It has b.een argued 
that slightly different flowering eimes among congeners and peaks in 
pollinator activ\ty have coevolved to avoid competition (Janzen, 19u7; 
G~ntry, 1974; 'Stiles, 1975; Gross and Werner, 1983). Borchert 
(1983) points out, however, that flower initiation in tropica.l trees 
is probably under the endogenous control of vegetative growth patterns 
affected indirectly by environmental factors such as water stress. 
Anthesis, rather than flower initiation, is more directly controlled 
by environmental coµditions. In seasonal tropical environments, the 
v~getative growth of trees is of ten suppressed and anthesis triggered 
during the dry season; In some species, for example 
Hylobanthes pruniifolius (Augpurg~r, 1980), ~ubsequent rainfall of 
sufficient intensity is required to trigger flowerin~ after a perJod 
of water stress. This results .in a highly synchronous flowering 
~ 
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between members of the population. It is suggested therefore that 
flowering in Neolitsea dealbara is prompted by a similar set of 
conditions. 
Diospyros pentamera begins to flowe~ at the end of the dry period 
although ~initiation of anthesis in individuals is staggered, 
especially in males, and flowering continues over a longer time. The 
Halloran's Hill study site is situated at the driest end of the 
rainforest moisture spectrum on the Atherton Tableland and· it is 
suggested that the acquisition of a positive water deficit (Borchert, 
1983) after a long relatively dry period is responsible tor the 
initiation of anthesis in this species. The mechanism regulating 
flow~ring in Litsea leefeana in the wet season is less clear but the 
synchronous flowering between individuals again suggests 'an 
environmental, possibly water balance, cue. Observations on 
populations over several flowering seasons would be required in order 
to deduce the l~kely factors influen~ing anthesis in these specieG. 
All three experimental species ,flower annually although indiviual 
members Of the populations may fail to flower Of enhibit different 
annual flowering intensi~ies. Neolitsea dealbata f~rs annually and 
(J 
all adult tree$ produced flowers; male trees of Diospyros pentamera 
flower annually but individual female trees may produce few or no 
flowers in alternate years; Litsea leefeana individuals may produce a 
./ 
few floweis each year but flowering may intensify every second or 
third year. Borchert (1983) suggested that non-annual flowering in a 
seasonal climate. is an indication of endogenous controls on the 
relationship between vege~8tive growth and initiation of reproductiv~ 
development. Elsewhere (e.g. Bullock and Bawa, 1981) it is argued 
I 
that frequency of flowering is .inversely proportional to flowering 
and/or fruiting performance in the preceding season. Crom~ (1975, 
Fi~. 2) indicated that both Lits~a leefeana and Neolitsea dealbata 
exhibited a 'poor' fruiting year between two more productive years. 
While populations exhibit annual flow~rin,g, therefore, individual 
trees are subject firstly, to physiological controls which determine 
, the~ frequency of flowering, and secondly to environmental cues which 
control the timing of anthesis. 
5.5.4 Duration and synchrony of flowering.' 
The flowering periods for Neolitsea dealbata and Litsea leefeana 
are short and individuals ''flower more or less simultaneously. The 
majority of flowers are produced within 2-3 weeks, although productio'h 
rates may be masked by irregularities in retention periods of senesced 
flowers. The flowering period of Diospyros pentamera, however, 
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extends to 12 weeks with some variation in flower initiation dates 
between individuals. These concise flowering periods contrast with 
longer periods demonstrated for other rainforest species. Thus 7 
insect pollinated species (4 dioecious) flowered for at least 5 months 
in the Blue Mountains region of Jamaica (Tanner, 1982), 
Xerospermum intermedium (andro-&ioecious) flowered for 2.5 to 7 months 
in the West Malaysian lowland dipterocarp forest (Appanah, 1982), 
Jacaratia dolichaula (dioecious) flowered for 10 months in a Costa 
Rican rainforest (Bullock and Bawa, 1981), Guarea rhopalocarpa 
(dioecious) flowered in all months also·in Costa Rica (Bullock et al., 
1983), and Muntingia calabura (hermaphrodite) produced a few flowers 
all year round in Costa Rica (B~wa and Webb, 1983). 
Flowering in Neolitsea dealbata and Litsea leefeana closely 
resembles the synchronous mass flowering exhibited by the tropical 
shrub Hylobanthus prunifolius (Augspurger, 1980). In contrast, 
Diospyros pentamera exhibits a longer flowering period and the 
individual trees are fairly synchronous in flower productlon. This 
pattern cannot be likened to the "extended flowering" attributed to 
Jacaratia dolichaula (long flowering population but individuals 
asynchronous) by Bullock and Bawa (1981). Instead, the label 
"extended, synchronous flowering" would seem more appropriate for 
Diospyros pentamera. 
Male trees of all three species begin flowering slightly earlier 
than females, a sequence that is reported in "extended glooming" 
species elsewhere in the literature (e.g. Yap, 1980; Bullock and 
Bawa, 1981). Precocious male flowering in dioecious trees enables the 
mobilisation of pollen in the population as female~ come into flower. 
End of flowering appears to Occur first in males in 
Neolitsea dealbata, Litsea leefeaoa and Diospyros pentamera. There)is 
no evidence of an extended male flowering phase reported by jawa 
et al. (1982) and attributed to ~election for increasing the nrmber 
of matings. 
~ 
Within-tree mo~ement of pollinators 
greater in massrflo~ering trees than in 
m@re gradually. Augspurger (1980) tested 
would be expected to be 
species that produce flowers 
the hypothesis that mass 
' flowering results in low inter-tree movements because pollinators 
remain at individual plants for long periods of time. She found that 
in the shrub Hylobanthus prunifolius, inter-plant movements were 
frequent and the majority of cross-pollinatiqns were effected by a 
single species, the individuals of which remained at a single plant 
for short periods of time. H. prunifoli~s flowers are zygomorphic and 
relatively specialised in ~erms of their pollination requirements 
!'; 
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compared with the two Lauraceae in 
movements in Neolitsea dealbata 
t~e present study. 
and Litsea leefeana 
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Inter-tr,ee 
populations 
probably depend on intense activity of a species-rich pollinator fauna 
resulting in constant disturbance and displacement of individuals away 
from the tree, (see chapter 7). Augspurger (1981) shows that 
synchronous flowering increases the. rate of inter-tr@€ visits by 
vectors and enhances seed set. Concise and synchronous flowering 
between members of a population may also induce a "specialisation" 
response in pollinators so that a high density of mass-flowering trees 
dominate the preferences e~en of o~portunist vectors. In contrast, a 
more gradual produ,c ti on of flowers, as in Diospyros pentamera, may 
encourage vectors to move volufitarily between trees (Heinrich and 
Raven, 1972). The abundance and.species-richness of the pollinator 
component is explored in chapter 7. 
S.5.5 Reproductive output. 
The observation that female trees of Diospyros pentamera and 
Litsea leefeana produce a good flower crop in alternate years (or less 
frequenfly) has some bearing on resource allocation and reproductive 
effort( In a~~ition, male trees, at least in Litsea leefeana, exhibit 
reduced flow~ing intensity in alternate years. Bullock/ et al. 
(1983) \suggest that individual females of Guar:ea rhopalocarpa flower 
. \ 
less fr~quently than males throughout the year and that recent fruit 
productAon may limit current •flower production. They show that male 
trees ar~ more likely to exhibit oscillations of high and low flower 
"! ~ • 
producti~n than are females and conclude that· the latter inherently 
; ,• 
produce t~o few flowers to allow ~dequate observation of trends. l 
~ j/ " \ ""- ''·- " 
The $Ldence for 'alternate flowering seasons. for female trees s· 
most pron~unced in Diospyros pentamera where even two relativel1 
unproducti*e trees, 15 and 4, in the current seasort bore many flower 
; 
and fruit \ scars from- the previou.s flowering. Por ·females in the 
Litsea leetkana population/ there is evidence of little or no' \ 
flowering for two consequetive years between two more productive 
seasons. There is no information available that would suggest whether 
a high flower or fruit density is related to reduced reproduction in 
the follow~ng season, although ~aturing a heavy seed crop is lik~ly to 
put strain on aliocated.f:. resources. Janzen (1978) suggested that 
selective pressures governing supra-annual flowering are related to 
escaping. ~eed predation. While resident seed predators ara eliminated 
during a non-fru:l.l;j.ng year, resources are available to produce large 
seed crops in inte'rveni~g years. Thus, through predator satiation, a 
reasonable ,sized crop esJapes predation and is adequately dispersed. 
The fact that Neolitsea tealbata individuals did not show oscillations 
,{ 
.,,. 
.. ,'._, 
1S3 
in flo~ering frequency suggests that different factors may govern 
r~productive effort in the two sexes in different dioecious species. 
5.6 Summary. 
Unless otherwise specified, 
species. 
these statements refer to all three 
I 
1. ~Flowers are small and unspecialised, probably attracting a variety 
of generalist vectors. 
2. While duration of anthesis in male flowers ~s short, female 
flowers remain receptive for several days, increasing the chances 
of receiving pollen from sources some distance away. 
3. Individuals of Litsea leefeana and Neolitsea dealbata 
female trees initiating 
populations 
flowering flower synchronously, with 
slightly later than males. Onset of flowering is less synchronous 
in Diospyros pentamera, especially between males, but there is a 
high degree of overlap in floweri~g periods of individuals. 
4. Apparent lBgs in the production and loss of flowers in females 
relative to males may'be partially explained by different flower 
retention periods in the two sexes. Pistillate flowers are 
retained longer than staminate flowers prior to pollination and 
fertilised flowers may be rejected at any time after this. 
5. Litsea leefeana and Neolitsea deaibata flower for 2-5 weeks only 
whereas flowering in Diospyros pentamera lasts about 12-16 weeks. 
6. There is some evidence that pollen deficiencies may. be partially 
respons.ible for flower abor~ions in female trees. 
7. Periodicities in flower production in mal~ Diospyros pentamera may 
enco6rage movement of pollinators between trees in this 
long-flowering species. Inter-tree movement may rely on intense 
activity and displacement of pollinators in the synchronous, 
mass-flowering Litsea leefeana and Neolitsea dealbata. 
8 . Synchronous flowering and dif ~rences in longevity between male 
and female flowers may also encourage inter-tree movements of 
pollinators in two contrasting strategies; that of synchronous 
mass-flowering and that of less synchronous, extended flowering. 
\ 
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9. Less than annual flowering in female Diospyros pentamera and 
Litsea leefeana could indicate 
for future reproduction and/or to 
large number of seed predators. 
a strategy tG conserve resources 
avoid the accumulation of a 
'\). The foregoing discusses how flowering and intra-population 
synchrony may contribute to the overall breeding success ·of a tree 
species. The quantitification of the flowering performance and the 
outcome o\ a breeding season as measured by female fecundities is the 
subject of the next chapter. 
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CHAPTER 6 
FLOWER PRODUCTION AND MEASURES OF FECUNDITY 
v 
6.1 Introduction 
·Individual trees in naturally growing populations express a wide 
variation in reproducti.ve performanc.e; both in flowering propensity 
and fecundity (the ratio of fruits:flo~ets set). The factors which 
determine the size of a flower crop (i.e. the genetic resources)a~ 
not an issue .here~ However, the relationship between initial 
flowering propensity and seed set in female trees is important if the 
proportion of seed set due to pollination limits set by spatial 
pattern in the population is to be ascertained. 
Toe aims of this chapter are as follows: 
l. To determine whether female trees of Neolitsea dealbata, 
Litsea leefeana 
apomictically. 
or Dio-spyros pentamera produce seed.s 
2. To determine the maximum potential fecundity for female trees. 
3. To measure the range of fe~dities 
females compared with the es~~mated 
species . 
found in 
optimum 
open-pollinated 
fecundity in the 
4. To measure the density of flowers produced by ind'ividual male and 
female trees in three dioecious populations. 
" 5. To determine the range of fecundities of a sample of female trees 
in three dioecious populations. 
.( 
6. To measure the1iensity of pollination events ln a feolle crown and 
compare this with the seed densities
6
obtained • 
7. To determine whether observed fecl.Nldity is related 
. 
flowering propensity or tree size in fe~ale trees. 
This chapter is in two parts. Part 1 deals with the 
fecundity levels of pistillate pl~nts in the three dioecious 
objectives 1 to 3~, Part 2 describes the actual leyels of 
~easured in the sample populations - objectives 4 tb 7. 
initial 
potential 
species -
fecundity 
:·1. 
' 1 •• 
\,. 
.\.' 
\ 
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PART 1: Potential Fecundity 
6.2 Introduction to potential fecundity. 
In this section an attempt is made to determine the maximum 
expected fruit:flower ratio under conditions of 100% pollination, i.e. 
artificial hand pollin~tion. Knowing the maximum fecundity of an 
individual or species eliminates the necessity of assuming a potential 
fruit:flower ratio of unity. A potential fecundity figure, when 
compared with the actual fruit set, enables statements to be made as 
to whether pollination rates are ever close to saturation and by how 
much they deviate from saturation in different trees. 
Because of access difficultiei, and the short flowering perio4 in 
i ' ' t. • 
two species, it was not possible to follow the fates of marked flowers 
in all experimental trees of the three species .. An attempt was made 
to determine the propor:tion of flowers setting f,ruit in conditions of 
natural pollination for a spectrum of trees of Neolitsea dealbat~. 
The results provide insights into the determination of maximum 
fecundity levels. 
Fruit:flower ratios measured in the field will only be useful if 
fruit production by apomixis can be discounted. All t~ree species WeTJA. 
tested accordingly.· Experimental work on Neolitsea dealbata was 
e 
performed on trees• from t~e Wongabel population. A male and female 
tree each of Diospyros pentamera and Litsea leefeana were growing in 
the CSIRO arboretum in Atherton: in both cases the male and female 
trees were adjacent to each other. All trees had low, spreading 
branches allowing experimental work for reproductive efficacy to be 
performed with the ·aid of a step-·ladder. 
6.3 Fecundity t~ts in Neolitsea dealbata / 
In May 
individuals 
1982 pollination .tests were performed 
of Neolitsea dealbata at ~ongabel'Fore~t~ 
on ferriale 
All tests and 
counts were performed on trees with low flowering branches which ~ere 
reached with the aid of a 3m step-ladder. The highest branches that 
could be reached were 4.5m above the ground. 
6.3.l Apomixis 
Reproductive twigs on two female trees in the Wongabel population 
were enclosed in fine mesh nylon bags to exclude insects. Thirty-five· 
inflorescence b4dS represent~ng 185 flowers on one tree and 11 buds 
representing 55 floweri; on the other tree were encl93ed. A piece of 
\. 
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rigid wire was f~stened to the branch inside each bag and arranged so 
that its distal end provided support for the bag, keeping it free f~om 
the &lowers (see Fig.6-1). The mouth of each bag was secured around 
the twig~ and no insects were trapped inside. The bags were removed 6 
weeks later when all flowers had opened and senesced. None of the 
flowers had set fruit; the flower remains :in the bags showed that the 
flowers had opened normally. It is concluded that female flowers of 
Neolitsea dealbata do not produce fruit apomictically. 
6.3.2 Test for, potentiaf'fecundit~ i~~Neolit~ealbata. 
' . f) 'V 
/!; 
~. Hand p<l:lllinations to testP the maximum fruit set poteritial in 
performed on two female,.. trees at the ed~e of Neoli tsea dealbata ' were 
the Wongabel population. Five bran~hes bearing mature inflorescence 
buds were marked and bagged on one tree ana a single branch was bagged 
at the second tree. A wire support for the bag was included, to 
prevent the ._bag from touching the buds. The trees were visited each 
day and any newly-emerged· stig~as were pol~inated and marked with 
cotton or a fibre-tippe~ pen~ Pollinations of 
repeated until the stigmatic surface began to 
production ceased. This was at the end 
flowers. 
~ 
individual flowers we~ 
senes~e and/or necta~ 
of t~ree days for most 
,. 
Initially, sh. pollen was collect~d from male trees but some 
locules at th 
in attempting to extract pollen from the 
Subsequently, immature male flowefs 
were collecte and left covered at rr6'm temperat;ure on a tr:ay. Pollen 
was shed onto he tray and swe~~=~ a vial or removed from open 
anther loi;:ules. All pollen/~o¥lected was from two e~sily accessible 
male trees at the forest edge. No attempt was made to collect pollen 
from a wid~ variety of source's, 'Pollinations were performed with a 
fine brush an~ twee~e .. rs with the aid bf a monocular . magnify~· g lens. 
Any female flowers dislodged or damaged during pollin tion were 
discounted. A total of 382 ·flowers w~re pollinated over a ine day 
period. Thereafter flowers were· checked for visible swell.ling in 
ovaries every four days for f~ur ,weeks. The highly intensive nature 
o.f ·this W?rk., the short flowering period and the need to collect other 
data simultaneously, prevented it being done on more than two trees. 
The results of hand pollination tests are presented in Table 6-1. 
The overall proportion of flowe~s setting fruit was 14.4%. When 
compared with results for open pollinatibn, this figu~e proved to be, 
very small; possible ~easons for the relatively low seed set are 
discussed in section 6.3.3. 
-t 
j'. ·:-~ ' . 
~ ·. ·, 
11.1.1 Open poll:i'nation. 
Fruit set as a result of open 
trees in order to 1) compare 
m~ximum fecundity levels derived 
pollination was measured in 
natural pollination rates with 
fro~ hand-pollination and 2) 
compare open pollination results between trees. 
.. 
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11 
t~ 
to 
One .or more branches were marked on the 11 trees (Table 6-2). 
Three of the trees were relatively isolated from male trees whilst 
five trees were locateE! in the main p'opulation., The three isolated 
trees were situated in the forest along a track. Four of the 
gregarious trees were located within the forest and four were at the 
forest edge: Although seven trees had a d.b.h. of <7.0 cm, all bore 
i 
signs of having fruited during the last season; each tr;ee was assumed 
to be at least in its second reproductive year. Trees were ~isited ~n 
seven occasions at weekly intervals between 2n~ May and 3rd July 1982. 
The loss of flowers, formation of fruitle~s a~d loss of fruitlets were 
recorded. The ~ecundity rate for open pollinJ:ion is pre~ented as the 
proportion of flowers producing swollen ovules during the experiment, 
whether or not the ovul.es were subsequently aborted (Table 6-2). 
Finally, a fruit count was made for all trees five months later when 
the fruit were approximately half mature, and the proportion lost 
(either by predation or abortion} was recorded together with observed 
losses as a proportion of the tqtal fertilised flowers. 
The results presented in Table 6-2 show that th~ ratio of flowers 
to swo.llen ovules W(!.<Q. very variable. In four cases the percentage of 
successfully fertilised flowers greatly exceeds 'that for the hand 
pollinated flowers: The following reasons for poor success in the 
hand pollination tests are suggeste.~: 
. f 
1. Possibly too small a sample size was used, althoug\i it was -larger 
t&lan in so1¥e studies (e.g. Bullock and Bawa, .1981; Primack, 
2. 
1979). 
<i!J! 
Difficulties in the estimation of the 
necessitating ,several repeat pollinations; 
stigmas by repe~ted pollinations. 
receptive periotl, 
possible damage 10 
3. The untapped nectar source may have induc~d bacterial breakdown in 
stylar tissue and the mesh bag may have enhanced this process by 
maintaining high humidity levels around the flowers?. 
\ 
.. 
. ·, 
' 
"., 
' . ., ~· 
··•.· 
,. 
' . 
llli:Llt::::; dllU Vd.Luc:;:, L.V L.ll'C .I. ...... ...,..&.. \..,.~\...Jl\..o -\..J'.L .L ._...._'--6 ........... ...,, .... _ 
jemales ahead of mples. 
'L1b 1 e 5-1 Results of h;:md p'01lination tests on flowers of two 
female N. de.:ilbata. 
Tt'ee No. pollinated !'to.Set %. Set 
112 372 55 14.8 
17 10 0 0.0 
Total 382 55 14 · '' 
Ratio flowers fruit 6.9 
-. 
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Tah~e 6-2 N. d~albata 
I. 
fruit set in conditions of oefen pollination 
( 
•l 
% Set % flowers % fe~i)-.J;sed 
matured flowers matured 
Tree ~~iginal flowers 
~ 
76 495 2.6 2.6 100 
112 1035 38.7 38.7 100 
B 320 0.9 0 0 
17 605 59.5 59.5 100 
D 200 ,>9. 5 4.0 42.1 
c 285 10.9 9.8 90.3 
6 90 o.o 0 0 
114 115 60.0 60.0 100 
13 630 5.1 2.1 40.6 
30 160 5.6 1. 3 2r.2 
29 225 '21. 7 21. 7 100 
'0 
pollination test 14.4 
..,._ 
Hand 
j 
,· 
~ 
t 
~;--.-~. j 
~; ." 
'~ . ' 
: '·· 
., 
~1 · 
-· .. ••I• :. ~ ·_ .. 
' 
! 
• ' . • .'; j 
'. 
•) 
,• :• 
'" .. ;. 
'. 
'· 
4. 
( 
Difficulties in ensuring that adequate amounts ,of pollen were 
utilised. In chapter 8 it is shown that fertilised ovules are 
associated with more stylar pollen tubes tharr non-fertilised 
ovules. Zapata and Arroyo (1978) demonstrated a higher seed set 
·in open pollination than in cross pollination ,in the dioecious 
Phthirusa achina and they suggested that na-turally pollinated 
flowers may receive rep;a~.Q.."'\ollinations, unlike the artifi'cial 
hand pollinations. Similarly,' McDade (1983) demonstrated the need 
for at least 8 grains to effect fertilisation of even a single 
seed per fruit in Tricanthera gigantea. 
S. Some poll~n may ha~e been inviable. 
Other workers (e.g. Pyke, 1982; Primack, 1979) have 
supplemented pollen supply to a group of flowers which have been left 
open to natural pollination. This may have produced a higher fruit 
set if used in the present study. However, with such Slflall, numerous 
flowers and sticky, non-powdery pollen, it would have been dif_LJ.cult 
. . 
to ensure all flowers received an adequate pollen supplement. 
A large range of fecundities was· recorded in the open pollination 
tests. The highest figMres recorded give a better estimate than the 
hand tests of potential fecundity in conditions of optimum 
pollination. T~e highest percentage fruit set in open pollination was 
determined as the averc~ge of the three ~ighest scores ('38.74%, 59.51% 
and 60.00%), i.e. 52.61% fruit set. This figure is used to represent 
maximum fecundity levels in "optimum<\$- conditions" for 
Neolitsea d~albata. In the light of the results of fecundity tests on 
Neolitsea dealbata, it was de~ided to abandon time~consuming hand 
pollination tests for Litsea leefeana and Diospyros pentq.mera. 
Instead, the quccess rate of open pollination on arboretum trees was 
used as an indication of natur~l fruit set in·"optimal conditions''. 
Thete was no guarantee that exactly the_ same pollinator component was 
available in the forest and arboretum but insect visitors were 
abundant at both. The close proximity of the s~_:iltaneously flowering 
male and female trees was considered a reason~le guarantee of a high 
rate of pollen movement be.tween them. 
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l. 
fi./1 Fc'Ctll1Jity t.t>sts in Diospyros pent3mera 
.# 
fi.4.l Apomi.xis // 
/~ . ' 
Fine'mes\ nylon bags were placed over two sprays pf reproduc\.ive 
shoots totalling 81 buds. Care was taken to·~,~~sure~<rtnCi .... "i'.'11"~\ 
were trapped il'lside the exclusion bags. The bags were remove~~.4 weeks"\:_ 
:iftl'r the end' of flowering; none of th4 flowers had set frui0 It is 
cone luded th.1 t Diospyros pentamer~ does not produce seeds 
apomictically. 
h.4.2 Open P?llination 
Ten reproductive branches from several aspects on a female tree 
were tagged. Thf stages of development of all buds a~d flowers were 
noted on 24 occasions from November 2 to December 16. The tree was 
adjacent to -a male tree, also in flow~r. The fate of a total of 120 
flowers was followed. Of the 120 flowers, 93 (77.5/f:j set fruit, 
although a proportion of the~e was subseqtlently pbo~ted: the 
proportion of original flowers that reached semi-mature f~uiting was~ 
55.0% or 71.68% of the total nu~ber of fertilised flowe~s (Table 6-3). 
6.5 Fecundity tests in Litsea leefeana. 
fi.5.1 Apomixis 
Fifty-five buds, representing 220 flowers, were enclosed in fine 
mesh pollination ba~s on January 2~; the bags werj removed on March 
15. All or most flowers had opened normally. N'd fruit wa_s-set and so/ 
Litsea leefeana does not reproduce apomictically. 
6.5.2 Open pollination 
F'itt-e.en reproductive twigs bearing •a total of 518 inflorescence 
buds (pO"tentially 2072 flowers) were tagged on the female tree in'the 
arboretum. The twigs were visited early in the flowering period. 
~ ~ 
\ 
(8.2.83) and after flowering.was completed (16.2.83). Occurrences of 
fertilisation events were re~~rded when flowers were more than a· week 
. old ·and the gynoecia _were gree.n andJ sligh~ly swollen ~ompared tvith 
newly matured flc;'wers. The acfjac~n~ male tree was in flower· for the 
whole of the female flowering peridd. The twigs w~re visited again 6 r 
,n~hs aft~r flowering and the proportion of set· flowers reaching mi-maturity, recorded, ~-1 
./ 
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Table.6-3 D. pcntame.ra 
Shoot 
1 
2 
3 
4 
,5 
~j· 
6 
7 
8 
9 
10 
Total 
Original bud ;fo. 
11 
8 
10 
18 
12 
16 
12 
9 
7 
11tt, 
·120 
I 
''· 
fruit ~et in conJitions of op8n pollination 
% set 
/ 
100. 0. 
100.0 
60.0 
!_)6.7 
58.3 
75.0 
83.~ 
7.8. 8 
85.7 
72. 7 
77 .5 
... 
% flowers 
matured 
88.2 
75.0 
20.0 
55.6 
41. 7 
75.0 
8.3 
22. '2 
85.7 
63.6 
55.0 
a 
% fertilised 
flowers matured 
88.2 
75.0 - . 
33.3 
' 83.3 
71.4 
100 
10.0 
28.6 
1~ 
87.5 
71. 7 
'. 
": 
/ 
,,. 
, . ·:. .. '~~·" 
. ;/ 
"" 
-·. 
,, 
·f ,:.> ,; 
" 
; •,, ~· . ' 
. ' 
T.Jble 
Shoot 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
Total 
\ ' 
I 
6-4 L. leefeana 
Origin2il flower's 
C"'l. 
18ll 
50 
112 
,64 
44 
92 
296 
.... --;..  
100 
124 
60 
100 
364 
~2 ~ 
2'32 
268 
.2072 
16J 
fruit set l ll conditions of open pollination 
/ __ :. 
I 
' 
% set % flowers % fertilised 
matured flowers 1i1a t ure,9 
34.2 2.7 :Y 35.Q 0 
56.3 0 0 
18.8 4.7 25.0 
50.0 0 0 
29.4 0 0 
72.6 5.1 .6. 9 
(. 0 51. 0 0 
58.1 3.2 5.6 
85.0 6.7 7.8 
22.0 3.0 13.6 
34.9 LO 3.2 
20.9 4.2 ~~ 50.0 3.9 
25.4 4.1 113. 2 
45.6 2.9 6.5 
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The proportion of floQ!ers that set fruit and the proportion of 
fruit that reached semi-maturity are recorded in Table 6-4. The' range 
of fruit set between twigs is from 19-85% and the mean for all twigs 
is 46%. However, the proportion of flowers that produced semi-mature 
fruit is only 3% or 6% of all fertilised fruit. 
6.6 Discussion 
it 
and 
None of the three species was found to reproduce 
is concluded that ,11 flowers producing fruit have 
the ovules fertilised. The hand pollination tests 
a pomi ct foal ly; 
been pollinated 
produced poorer 
results than open pollination in the same trees in Neolitsea dealb~ta; 
the reason for low succe~s in artificial pollinations is attr~buted to 
technique (section 6.3.3). 
The fertilisation rate (as measured by 
or natural pollination was relatively high 
figures for Neolitsea dealb&ta (52%) '~nd 
swollen g¥noecia) in 
in all three species. 
Litsea leefeana (45%) 
open 
The 
are 
similar but lower than that for Diospyros pentamera (77%). The first 
two species produce a larg~ num?er·of flowers and fertilise about half 
in "optimum'" pollination conditions during a short flowering period. 
Diospyros pentamera produces fewer flowers and more gradually over a 
longe~ period and fertilises a higher proportion of these in 
coRdi tions of ""'optimum" pollination. 
" 
The measured pr-oportion of flowers producing semi-mature fruit is 
comparatively low in Litsea leefeana at 3%: Post-zygotic loss of 
flowers is due to abortion and predation. The arboretum female, 
although reproductively mature, had a stein diameter of only 13.0 cm 
which is very small, compared with flowering female trees in the 
forest (chapter 3) .'' There was no evidence of disease or heavy 
predation of immature frui~; the post-zygotic loss was probably due 
to an inability to mature~ore ~han a small percentage of fertilised 
flowers. 
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PART 2: Natural Fecundities 
b.7 Introduction to flower production and natural fecundity. 
Flowering propensity in male and fa.male trees represents a 
numeric-al measure of the potential contribution of gametes to the gene 
pool. Flower production may be governed by the size of the tree and 
its physiological condition in male trees at least. In some female 
dioecious trees there is evidence to suggest that· the reproductive 
cf fort contributed t~ the previous flowering period may influence the 
tiensity of flowers pro,duce-d in the current one (Bullock and_ Bawa, 
1981). Thus,, at least in specfes which flower fr~quently, 
reproductive effort in females may be cloqely governed by differential 
resource allocation and unrelated to tree size. The density of 
flowers produ~ed by male and female trees and th€ relationship between 
reproductive effort and tree size is explored in this section. 
~ Fecundity in plants has two components, namely fruit set and seed 
set (Cruden, 1976). Assuming tha~ fecundity is pollen-limited, then 
fruit set reflects the proportion of flowers that were pollinated and 
seed set f' a measure of the number of pollinations a flower received. 
In speclef .which have a single seed per fruit, for example, 
Neolitsea dealiata and. Litsea leefeana, the two components ~re the 
same and the number of pollinated flowers is related to the number of 
seod set. Diospyros pentamera·flowers set ~-5 seeds per fruit; •seeds 
were not counted and so the number of fruit set is an u~der-estimate 
of the rat,e of pollination., Others (e.g. "Bawa, 1974) have 
successfully ~sed fruit set as a measure of reproductiv~ efficacy 
irrespe~tive of seed number per fruit and it is proposed that fruit 
set in Diospyros pentamera is a suitable measure of relative fecundity 
between female trees. 
. 
Fecundi qr measures in flowering·. plants are usually presented ·as 
the proportion of fruit set per· flower pr-0duced or f~i_t:flower ratio 
of a given reproductive branch or group of reproductive structures. 
To obtain an accurate fecundity ~easure, individual flowers are marked 
"1 
at anthesis and their developmental fate follo~ed until the proportion 
setting fruit ccin be confidently determined. ;\I'Ptis technique has bcylil · 
successfully employed in herb and shrub "species (e.g. Barrett and 
Thomson, 1982; Augspurger, 1981) but is more difficult ~o achieve 
with large trees which cannot be worked sufficientl~ freq~ently ; to 
ensure a large en;ug~ sa~ple of flowers. The problem iq often 
compounded by a bri~f flowering period, further redu~ing the 
· to work on an adequate number of flowers and trees. The opportunity 
I 
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aim of measuring fecundity in this study is ,only to obtain a 
fruit:flower, ratio for individual female trees in a form suitable for 
I 
inter-tree comparisons. Therefore an alternative method for assessing 
natural fecundity in experimental trees acceptable tor this purpose 
was devised. The density 'of polli'rlation in giv.en areas of the crowns 
of Neolitsea dealbata and Diospyros pentamera was determined by counts 
of aborted, harvested fruit and of pollen tubes in aborted flowers 
6.8 General Methodology 
6.8.1 Flower production 
I 
Samples of reproductive shoots were coll;:tted before flowering 
from male and female. tree crowns using fs\lj.pg-shot and line. The 
number of flowers, flower buds and flower scars were counted for each 
reproductive shoot. In the case of Neolitsea dealbata and 
Litsea leefeana, w~ole inflorescences and inflorescence scars were 
cou~ted and the number of flowers estimate~ using a reliable mean 
value of flowers per inflorescence obtained by separate sampling. The 
area occupied by the entire l~ify sample was ·determined by taking four 
linear measurements, drawing tHe samples to scale on graph paper and 
deriving the total area covered by the sample ~Fig.6-1). This enabled 
the number of reproductive 
density per metre square9 
relating flower production 
shoots and flowers to be expressed as the 
of leafy branch; this figµre was useful in 
on branches with flowers collected in 
litter traps. Two estimates of flower density for male and female 
trees of each speci~s were thus available: the mean number of flowers 
per reproductive -twig and the number of flowers per metre squared of 
leafy branch. \ 
For .male trees an additional estimate of flower" production was 
derived from litter fall collections (described in chapter 5). The 
total number of flowers and buds collected during the flowering period 
• 
were estimated for ~ach tree and expressed as the density of flowers -
produced per metre squared of crown shad.ow. This estimate of flower 
production could not be: made for female tre~ since f~ers collected 
in traps represent aborted flowers only . 
6.8.2 Female fecundity. 
' '" A second sample of reproductive branch~es was collected from female trees when the fruit were about one third mature; · the 0 density 
' .. 
of fruit per shoot and metre squa~ed of branch were determined in the 
same way' as flower density. 
. </ ·• 
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wl re supp(l).rl: · 
nylon gauze 
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Fig. 6-1 A: 
B: 
'1:-.: 
Position of insect exclosure bag on a reproductive branch 
of D. pentamera. Supporting wire is illustrated. 
Method of branc~ area 'calculation for flower and fruit 
density determinations. The area occupied by leafy 
twigs, 4 lines of mea~urement bnd a scale diagr~m from 
which the area is calculated are shown. 
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G.8.3 Density of pollination events. 
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l 
The density of pollination events per unit area of crown was 
determined for Neolitsea dealbata and Diosyros pentamera. The 
pollination density is the number of flowers per unit area that 
receive pollen at the stigma. Fluorescence microscopy was utilised to 
detect pollen tubes in stylar tissue of abort~d flow~ in 
Neolitsea dealbata. The association between pollination and 
corolla-less, aborted ~lowers was used to determine pollination 
densities in Diospyros pentamera. The nJmber of"flowers aborted from 
a unit area of branch was estimated by dividing total aborted flowers 
by the number of branches above the trap and su~ming this figure with 
the density of trapped fruit and the harvested fruit. To test whether 
available resources determine or contribute to flowering propensity or 
fecundity, these variables were correlated with a simple measure of 
tree girth. If pollen •supply and resources afe unlimited, then 
fecundity would be expected to .. be related to initial\/ lower production 
and sol a correlation between these variables was also tested. 
~ 
6.9 Neolitsea dealbata 
6.9.1 Flower production 
Collections of flowering branches were made early in the 
( 
flowering season in 1~82. Flowers were·counted in samples, each of 30 
inflorescences, from male and female trees. The average number ~ 
flowers per inflorescence was 5.03 for male and 5.00 for female tree~.' 
' (Appendix 6-3-1). Two estimates of flower production in male trees 
were obtained: 
1. Reproductive branche"S were sam·pled from eight male 'trees; the 
number of floweirs in each inflorescence was multiplied by the 
ave~age ~umber of inflorescences per shoot; the results were 
defined ?S the average numb~r of flowers produced per reproductive 
shoot' for each male tree (Table 6-5). 
2. The numbers o~ inflorescences and unopened inflorescence buds 
falling into traps beneath 12 male trees were totalled for the 
whol~ collection period. Single flowers were not counted but 
inflorescence -peduncles bearing one or more involuire bracts or 
... ,. 
flowers were counted as ·inflorescences. The number of 
inflorescences i'alling per metre squared of crown shadow wa~ 
determined by dividing the number trapped by the trap area for 
each tree: these figures were multiplied by 5 to determine the 
,( 
~-
.. ~.:·,·:·.· 
1. 
.... 
,.; 
... ·. 
• .; z :\·· 
~: '. ~-o: . 
. . 
.. 
;."· Tdble 6-5 
~1,:' 
.. -1.::·:·:· 
·;:·, 
,,_ .. tl3 \.> .. .: 
73 
88 
') 1 
')5 
6 
' - 67 
111 
14 
.. · 1. 
23 
\ 
\ ' 
\. 
i'• 
\ 
113 
A 
230 
22 
194 
327 
i ,' l'. :, . 
. r • 
l 
\ r 
-1-· 
L<> j' ' .. 
'' . 
.... l 
\ f 
·_,,, 
h~ • : .. 
"!'. :· .... 
2 
N. deJlbata: flower production per shoot and perm 
d.b.h. 
20.7 
9.2 
17.2 
15.1 
16.2 
17.8 
12.1 
12.9 
Fi. 7 
17.7 
22.9 
8. 4, 
17.6 
9.7 
4.5 
3.9 
\ ' 
cr·~'vlll shddow in mcJl~ trees. 
Total trapped 
flow\:)rs per 
M~ 
61881.6 
33400.0 
20J83.5 
49351.5 
69585.8 
118644.5 
24631.6 
51496.0 
10132.5 
59490.2 
149949 .~ 
1043.9 
Mean flowers 
per shoot 
130.8 
58.3 
181.1 
89.5 
63.5 
50.3 
56.5 
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Tabl!'! 6-6 N. dealbata : flower and fruit production and fecundity in female trees for 1982 a~G 1983. 
~ 
Tree Code 
253 
272 
271 
30,9 
297 
181 
302 
171 
29 
285 
\_/~~. 
17 
105 
207 
76 
112· 
13 
c 
B 
D 
24 
92 
75 
78 
278 
84 
45 
39 
40 
-:.::--. 
' 
d.b.h. 
~­
~; . 
(cm) 
7.3 
5.3 
6.3 
13.2 
'4.2 
18.8 
12.7 
24.1 
2.2 
15.2 
10.2 
7.0 
4.5 
8.5 
11. 9 
9.9 
3.0 
6.5 
7.8 
2.9 
9 .. 9 
12.3 
10.2 
15.8 
6.0 
10.2 
17.8 
16.5 
9.9 
, 
I 
mean flowe'l'.'s 
per shoot 
' 
-
-
.:,.;· -· 
32.5 
54.5 
36.5 
92.0 
51.0 
114.0 
68.0 
41. 0 
72.0 
30.0 
46.5 
73.0 
46.5 
82.0 
86. 5 
1si. 5· 
83.0 
94.5 
36.5 
20.5 
94.0 
134.0 
114.0 
117.5 
36.0 
106.0 
128.5 
.. 
153.0 
92.5 
' 
. :•.· ... :· ~
.·,·.-
·,/ . 
• I 
1982 data 
mean fruit fecundity 
per shoot (fruits:flower) 
2.8 9.09 
4.5 0 .02. 
2.4 0.07 
6.2 0.07 
2.8 0.06 
3.5 0.03 
10.6 0.16 
3. 2 . 0.08 
1.5 0.02 
1.9 0.06 
9.9 0.02 
12.4 0.17 
5.0 0.11 
0.4 0.01 
4.6 0.05 
35.2 0.23 
3.4 0.04 
2.3 .0.02 
0.2 0.01 
0.7 0.001 
29.4 0.31 
16.6 0.12 
5.9 0.05 
5.2 0.04 
5.8 0.16 
12.1 0.11 
15.9 0.12 
3.6 0.02 
7.8 0.08 
/5 ;;;__:. 
ii 
an fruits 
per shoot 
29~4 
6.4 
c? 2. 7 
34.9 
7.3 
30.9 
22.9 
12.6 
31. 5 
21. 8 
5.7 
28.7 
7.4 
62.1 
28.7 
59.4 
54.3 
2.1 
0.2 
12.5 
68.6 
47.6 
26.2 
21. 9 
2.2 
·-~ 
. 
.. 
1983 data 
mean meristem 
per shoot 
4.2 
3.5 
3.6 
4.0 
3.0 
3.9 
3.5 
3.4 
3. 7 
3.0 
4.2 
3.3 
2.5 
5.6 
3.2 
5. 2 
3.2 
3.2 
2.0 
4.3 
5.~ 
5.4 
3.2 
5. 9 
3.3 
_,, ··· ' --=-~-:~~<.} ,,: .. :·.>:~:~:~~-: .,'. /:.~ .:·~-c~-""'··-~'~'7':'7:f7"-·c:~:~----
·, 
-. .f'.,_. 
9 
fecundi t'j 
(fruits:meristem) 
'7.0 
1. 0 c 
0.8 
8.7 
2.4 
8.0 
6.6 
3.7 
8.6 
7.3 
1.4 
8.7 
3.0 
11. 0 
8. J 9i 11. 4 
16.7 
0.7 
0.1 
2.9 
13.4 
8.8 
8.3 
3.8 
0.7 
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" . Table 6-7 N. dealbata : Cbrrelcitions between flower productipn 
and d.li.h. in rrklle anJ lc~mLJle trees. 
~Lile trees 
a. 
~i 
Corr~ldtion between trapped flo0ers M- crcwn shadow <lOd d.b.h. 
r = 0.180, r = 15.51, p 0.0028, n,= 12. 
b. Correlatipn between flowers produced per shoot with d.b.h. 
r = 0 . 8 3 4 , !),F = 13 . 7 3 , p = 0 . 010 , n = 8 . 
Female trees 
c. Co~relation between flowers produced per shoot with d.b,h. 
r = 0.337, F = 3.460, p = 0.074, n = 29 . 
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I 
tl)tal nur:iber of flowers prqduced per metre squared of crown shadow 
(Ta~le 6-5) · Flower col.lections were made from 30, female trees; 
the av~rage number of flowers produced by reproductive shoots was 
calculated as •for males (1) above (Table 6-6). Flower densities 
obtained were correlated with tree girth for male and female trees 
(Table 6-7). 
! ,, 
There is wide variation in flower density between indiviqual 
trees of both sexes (Tables 6-5, 6-6). In male trees, flower 
production is significarl¥1.y correlated with d.b.h., (Table 6-7) so 
Ji1 
that reproductive effort may be described as a function of tree size. 
In female trees, d.b.h.· and floweT density per shoot are not 
A significantly correlated, suggesting that factors other than tree size 
determine the repro.ductive effort in any particular season. Resources 
avRilab•§ for reproduction may h&ve been channelled into r~producti.ve 
shoots 1 canopy p~sitions advantageous to pollination or growth. The 
resulting uneven distribution of flowers in the 'canopy would limit the 
chances of obtaining a representative s_ample even fi.irther. 
Alternatively, the current year's flower production may be directly 
affected by the previous season's reproductiv,e effort ·in terms of 
either flower production or seed maturation. 
6.9.2 Fruit production and eecundity 
\ 
Fruit sa~ples were collected from 29 female trees in 1982 and 25 
trees i,n 1983 (Table 6-6). In 1982 fruit samples were collected in 
:--;"ovember, ';i man ~s after floV1ering. .Fruit counts were made for all 
reproductive sho\ts ;, i. * shoots. bearing fruit or flower scars. 
Fruit:flower ratios\were.determined for the rel\aining 29 trees using 
the averag~ number of flowers per shoot calculated from the earlier 
collections. The 1982 fruit:flowe~ ratios range from 0.001 to 0.232 
in trees D.and 112 respectively. Product moment correlation analyses 
' were performed"' between d.b.h. and friHt density; d.b.h. and 
fruit:flower ratio; and fruit density and flower density. Fruit 
density is signif~cantly correlated with flower density (r=0.541, 
p=0.002) but not with d.b.h. Fruit:flower ratios are not correlated 
' .with d.b.h. (p=0.44, Table 6-8)~ 
The experimental 
fecundities in two 
collected in 1983 were 
reproductive meristem 
populat.ion ex hi bi ted a wide range of natural 
experiments (Tables 6-2, 6-6). F~uit samples 
used to calculate the mean number of fruit per 
(visible as remnant scars) for reproductiv~ 
twigs. This ratio could not be determined for 1982 material slnGe 
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Table 6-8 N. dealbata product moment correlations hctween tree 
girth, fruit and flower densities dnd fruit 
flower ratios for 25-29 femal~ trees.~ 
function n r p 
1982 fruit/shoot with flowers/shoot 29 0.530 0.003 
fruit flower ratio with d.b.h. 29 0.07 '0. 74 
fruit/shoot with d.b.h. 29 0.13 ~.4// 
~ 
( 
' 
flowers/s.hoot with fruit:flower 29 0.16 o; 39 
ratio 
I 
1983 fruit/meristem with d.b.h. 25 0.07 . 76 
fruit/shoot with d.b.h. 25 0.11 . 61 
fruit: mer is tern ratio with 25 0.37 .07 
rneristems/s'hoot 
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( 
reproductive meristems not bearing fruit were not countL'd. The ratio 
(Table 6-6) provides a useful measure of relative fecundity since the 
parameters of\' fruit and meristems are related to the same reproductive 
m~ter.ial; it also provides a corn,,parison of4ecundity in trees betw~en 
yPars, although not all trees were sampled in duplicate. 
In 1983, neither fruit .d~sity or fruit:r:ieristPm ratios were 
significantly correlated with· -Q.b.h. (Table 6-8), indicat,ing that 
tree size does not govern reproductive effic;icv in females. While 
fruit density is significantly related to flower density in 19~2, 
other measures of fecundity are not correlated with flow0ring 
propensity. 
6.9.3 Density of pollination events. J# 
The density of fruit measured at experimental trees represents 
only a proportion off the total number of flowers that were pollinated. 
Immature fruit were aborted throughout t]J.e--~od of fruit maturation 
and an unknown proportion of pollirfated flo~rs may have been lost 
prior to feitilisation or before visible ~carpel growth could be. 
detected. The method described below was designed to determine the 
proportion of aborted/'Plowers that had been pollinated per unit area 
of tree crown in indivJdual trees; this figure is summed with the 
density of harvested and aborted fruit to obtain a comprehensive 
estimate for the density ination events. 
All aborted flowe collet:ted in litter traps beneath female 
Neolitsea dealbata trees were dried and stored. Those with obviously 
.,._...,.. 
swollen gynoecia were scored "as being fertilise.di.. immature fruits 
were collected in iitter traps until the fruit was harvested from 
femal~-trees 5 months after flowering. Samples of lb to 4fr flowers 
were selecte~ from each of 17 treed. The dried flowers were'soaKed in 
water and a little!\ detergent for 24 hours and the'Tf transferred to 70% 
ethanol for f_a period of .:..-~,P. to 7 days. The norma·l procedure for 
dissecting, softening and staining gynoecia for fluo-rescence 
microscopy was followed (chapter 8). Gynoecia were viewed under a 
fluorescence microsC°ope and the presence of , pollen tubes recorded • 
Dtied material was infiltrated with fungal mycelia but these could be 
distinguished from pollen tubes as they fluqres~e less brightly and 
hyphal septa are visible. Dried mate~ial did not soften as well as 
freshly prepared gynoe~~~ .~nd although pollen tubes were clearly 
visible, they were often broken and could not be counted with any 
confidence. 
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Table 6-9 N. dealbata Density 9f pollina~ion events m-2 branch for 14 female trees. 
Tree a b . c 
' 
d e 
total aborted total aborted no. branches aborted flowers/ aborted fruitlets/ 
flowers/m2 fruitlets/rn2 above tr<i:P rn2 branch (a/c) fruitlets/rn2 
crown shadow crown shadow 
·-~ . 
' 76 5482 .240 10 548.2 21L 0 
39 1637 193 6 272.8 32.2 
84 300 4-,5 5 60.0 22.0 
78 634 27 1' 4 158.5 26.3 
75 374 42 4 93.5 . 19.8 
92 590 -~ \ 6 98.3 ;;14.3 13 78 6 13.0 12.7 
... 123\,. 5 24 494 11. 356 4 89.0 
112 1299 457 I 2 649.5 177. 5 
B 60 0 6 10.0 ~ 0 
' 
0 
' c 83- 0 5 16.6 
. 
0 
' ~ D 5 0 4 1. 3 0 
40 1144 63 3 381.3 21. 0 q 
45 1462 125 7 208.9 17.9 
* based on estimated po~nation 
- ( 
\ 
., 
"' I# 
( 
"' ... 
f>. 
~ 
<""= 
f 
frui t/rr. 2 
branch 
134.6 
59.3 
112.5 
104.8 
79.3 
2r.7 5.9 
3. :, . 0 
355.2 
5.1 
25.8 
14. 0 
97.5 
451.'"' 
··.·i·c· .. 
~. 
b 1; h 
. aborte'C. & densicy of 
pollinated- pollination 
flowers/~2 events 
branch- (e+f+g) 
45.5 204.5 ~ 
13.5 104,8 
7.9 143. 5 
21.6 152.9 ti'" 
8.5 107.3 
5.6 319.9 
1. 7 90.4 
22.6 476.6 
89.5 522.1 
0.43 5.4 
0.0 27. 0 
.0.0 14.0 
31.7 150.7 
20.9 489.8 
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Td'ull 6-10 N. dcalbat~ Correlation be;ttJeen flower density and density 
of pollination~vents. 
f'unction 
Densi\y of pollination events (h) 
dS ci function of flower density 
(log transformed variables) 
Density of pollination events (h) 
as a function of fruit density 
(fog transformed variables) 
,,-.. 
f 
\ 
n 
14 
"' 
17 
, ( 
r. p 
0.95 '<0.001 
0.9y 
y ' 
" 
~ 
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N. dealbata: pollination density as a 
function of initial flower dens1ty 
in f erna le trees. S~M bols ~JU to it'ld iv1.dLtaJ 
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The proportion of aborted flowers containing pollen tubes is 
expressed as a percentage of the total number of aborted flowers 
scored for each tree. This figure represents the overall proportion 
"' of aborted flowers that were pollinated during the flof.ering season 
(Appendix 6-1). The percentage of aborted flowers polli~ated varies 
from zero to 18% and the overall mean for the group i~•9%. The total 
density for 
by summing 
pollinated, 
pollinated fl0wers per unit area of crown was determined 
the density of fruit, aborted fruitlets and proportion of 
aborted, flowers for each tree (Table 6-9). Fruit 
densities were mrasured for a metre squared branch and aborted flowers 
for metre squareti of cro~n shadow. In order to standardise the data 
the densities of aborted flowers and fruitlets collected were divided 
by the number of whole branch~s above the litter trap and hence 
represented as the density of flowers per metre squared of branch. 
Total pollinated flowers (or density of pollination events) is 
highly correlated with fruit density (r=0.95, Table 6-10) for 17 
trees, suggesting that only a relatively small proportion of 
pollinated flowers are aborted. Major deviants from the linear 
relationship suggest that tree C set more fruit than expected from the 
density of pollinations and tree 40 set fewer fruit than expected. 
' Tbe log transformed variables density of pollination events and 
initial density of flowers are highly cor~lated (r=0.947, p=0.00), 
although normal data do not show a significan~near relationship. A 
plot of normal variables (Fig. 6-2'') shows an underlying correlative 
trend for 7 trees wr~~ relatively low initial flow~r densities; this 
is followed by subsequent 'branching' in the data. Trees 39, 40 and 
76 maintain a relatively high ratio of flower density to pollination 
events; while trees 92, 24, 45 ·and 112 present a much lo~er ratio. 
The possibility that these trends are related to lo~al pollen 
densities is discussed in chapter 8. It is sufficient to say here 
that beyond a density of,200 flowers per metre squared of branch, some 
trees achieve a disproportionately low number of pollinations in 
relation to flower availability. In conclusion, the density of 
pollination events is influenced by the initial density of available 
flowers but the trend may deviate from ~ ltnear one in some trees, 
possibly as a r€sult of variable amounts of pollen reaching the trees. 
··---
1 Q? 
6.10 Dio~pyros pentamera 
I 
6.10.1 FlQwer production 
~ 
179 
Samples of reproductive branches were collected from 6 male and 8 
female trees early in the flowerlng season. Reproductive shoots were 
defined as those bearing the current year's flower buds, flowers, or 
visible flower or bud scars. The numbers of buds, flowers or scars 
were counted for each shoot and a figure for the original average 
number of flowers per reproductive shoot was determined for each tree. 
The leafy area covered by the sample was measured and the density of 
reproductive shoots expressed as the number of flowers ~roduced per 
metre squared of branch. The number of flowers produced per metre 
squared of branch was estimated from these measurements. For 11 male 
and 8 female trees, spent flowers and buds collected in traps for the 
12 week flowering period until 23.1.83 were totalled and expressed as 
density of flowers produced per metre squared of crown shadow. 
Product-moment correlations were performed between flower density per 
reproductive shoot and d.b.h. for all trees; and between flower 
production per metre squared of crown shadow for male trees~ 
Table 6-11 shows that male trees consistently produce a greater 
density of flowers per shoot than do females. The standard deviati{>n, 
of the density of flowers per shoot is larger in males, possibly 
because new buds are produced in discreet phases on male shoots (see 
chapter 5). Male bud or flower density per shoot is approximately 2.5 
times greater than that of females. Female tree 4 has an 
uncharacteristica1ly large density of flowers; this sample was 
collected from the top of the crown in an exposed position in the 
canopy, conditions that may induce heavy flower production. Female 
tree 15 produced very· few flowers throughout the season. 
Flower density is not significantly correlated with d.b.h. in 
either male of female trees (Table 6-12), but they are more closely 
related in male trees than in female trees. TheJ!bsence of a linear 
relationship between tree size and flow~r density per shoot in female 
trees would be expected if an individual's flower production was 
related to the previous years reproductive effort. Some indication of 
the previous season's reproductive output is obtained by the density 
of fruit or flower scars on old wood. Tree 15 had a high density of 
old flower scars whereas tree 4 had relatively few. These scar 
densities contrasted with the cu~rent season's production. However, 
flower density peF shoot in female trees is consistently low relative 
to male tre~s and d.b.h. measurements fall within a small range of 
values; consequently, the sample size may not be large enough to 
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Table 6-11 D. pentamera flower densities per re~roductive shoot, 
flower production per m crown shadow and 
d.b.h. for male and female trees. 
Flowers Flowers per Flowers per 
per shoot m2 branch m2 crown 
•shadow 
Tree Code d.b.h. x n. 
Females 
35 21. 2 3.9 + 1.4 50 406.0 1058 -
15 17.8 2.9 f - 0.8 15 613.0 3 
17 18.7 2.9 + 1. 9 34 203.0 226 -
4 17.7 6.9 + - 4.7 55 920.0 653 
34 - 1?.. 9 2.8 + - 1.1 45 178.1 28 
+ 42 255.2 800 28 19.2 2.5 - 0.9 
13 13.7 3.9 + 0.9 50 943.0 897 -
18.7 + 1. 0 50 171. 2 649 12 3.2 -
Total 3.6 + 1.4 -
Males 
12.7 6.5 + 3.5 60 1121. 6 214 6 -
19.8 12.1 + 4.7 60 1523.4 5617 5 -
+ 5.7 50 1548.2 12263 23 26.2 13.1 -
16.5 5.7 + 4.0 12 320.0 33 -
+ 3.4 5,0 301.9 351 40 12.8 7.6 -
+ 3.4 50 1021.7 3106 48 26.3 10.4 -
22 .l 29.3 1985 
50 18.5 6919 
51 13.8 1474 
42 14.0 
3440 
27 20.8 
2083 
26 14.8 
519 
9.2 + 3.1 Total -
- no data. 
) 
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Table 6~12 D. pentamera: Correlation between tree size and flower 
production in male and female trees 
"" 
function Females Males 
r p r p 
d.b.h. and flowers per shoot 0.03 0.94 0.79 0.06 
d.b.h. and flowers 2 branch -0.26 0.53 0.57 0.23 per m 
d.b.h. and flowers 2 crown shadows 0.38 0.36 0.48 Q.13 per m 
d.b.h. and flower density 2 0.07 0.87 0.43 0.16 per m crown 
182 
detect any existing relationship between flower production and d.b.h. 
in female trees. 
A more direct correlation between d.b.h. and flower density was 
expected 
greater. 
flowers 
for male trees, particularly as the range of bole sizes is 
The very weak correla._,tion between d.b.h. and density of 
on shoots is not stgnificant at the 95% level; the small 
number of trees sampled may mask any real relationship between these 
variables. Flowering is a longer process and is less synchronous both 
within and between trees in Diospyros pentamera than in 
Neolitsea dealbata and the phase of flowering at which material was 
collected may explain the lack of co~re~ation between flowering 
propensity and ~ree size. 
6.10.2 Fruit production and fecundity 
Fruiting branches were collected from eight female_ trees in 
February 1983 at the end of the flowering period. ·Immature ffuit were 
counted; scars left by detached fruit were recognisable· and counted 
as fruit. Reproductive shoots were recognised as bearing flower anc;;l. 
fruit scars or fruit and the mean density of fruit expressed as 1) a 
percentage of the total number of reproductive shoots, and 2) as the 
density of fruit produced per metre squared of leafy branch.-
Fruit: flower ratios were determined for each tree for both shoot 
density and branch area density measurements 
Produc t'."'"moment correlations were performed ·between 
densities; fruit density and d.b.h.; fruit:flower 
and flower densities (Table 6-14). 
(Table fr--13). 
flower and fruit 
ratios, d.b.h. 
The average fruit 
negatively correlated 
density per 
with d. b. h., 
shoot was signi,ficantly but 
produce larger densities of fruit. 
densites and girth sizes were both 
suggesting that smaller trees 
However, the range of fruit 
small and this, together with the 
' small sample size, may have contributed to an artificial correlation 
between the two variables; it is unlikely that there would be a 
causal relationship of this kind between these two parameters. ,The 
fruit density per metre squared of branch is a useful indication of 
fruit production because it incorporates the relative density of ) 
~l potentially reproductive shoots. There was not a significant ~ 
correlation of this variable with girth, however, and it is concluded ~ 
that tree size does not directly {nfiuence the proportion of fruit set 
and matured. Similarly, girth is not a determining factor in measured 
ratio of fruit to flowers produced. Flower and fruit densities per 
metre squared of branch are mbre closely correlated and significantly 
so when log transformations are applied to the data. The major 
,/ 
Table 6-13 D. 1 pentamera 
Tree Code 
Total reproductive shoots 
% reproductive shoots 
bearing fruit 
-. 
mean fruits per shoot 
fruits 2 branch mean per m 
d.b.h. (cm) 
fecundity (fruits:flower 
per shoot) 
fecundity (f2uits:flower 
, \ perm ) 
1 
· 
\ 
' 
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Density of fruits per shoot and per m2 
branch, proportions of shoots bearing 
fruit and d.b.h. for female trees. 
4 12 13 17 15 28 35 34 
,, 
139 417 307 362 112 172 389 222 
6.5 6.7 42.9 5.8 0.9 1. 2 13.1 3.6 
1.1 1.1 1. 5 1.0 1.0 1.0 1.1 1. 3 
21. 7 42.5 535.520.0 2.7 2.8 28.6 8.3 
17.7 18.7 13.7 18.7 17.8 19.2 21.2 12.9 
0.16 0.34 0.39 0.35 0.35 0.4 0.28 0.46 
0.02 0.25 0.57 0.10 0.04 0.01 0.07 0.05 
\ 
··, 
Table G-14 D. pentamera: Correlations between fruit density or 
fecundity and d.b.h. in female trees. 
Function n r p 
mean fruits per shoot with d.b.h. 8 -0.79 0.02 
fruits 2 with d.b.h. mean per m branch 8 -0. 52 0.18 
Fruits flower per shoot with d.b.h. 8 -0.49 o. 21 
Fruits flower 
2 
with d.b.h. -0.44 per m branch 8 0.27 
Fruits per shoot with flowers per shoot 8 0.12 0.78 
Fruits 2 with flowers 
2 8 0.65 0.08 per m per m 
Fruits ~er 2 with flowers 2 8 0.72 0.02\ m !?er m 
(log transformed variables) 
' 
Fruits flower (per shoot) with flowers 8 -0.87 0.006 
per shoot 
Fruits flower (per m2) with flowers . 8 0.49 0.21 
per m2 
I 
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deviation from a line~r relationship may again be due to the small 
fruit :flower ratio in tree 4. (fl 
Flo~er.and.fruit density per reproductive ~fot are not ;elated. 
The variation in both flower and fruit densities for shoots is s~a~l, 
compared with the density of reproductive shoots per unit area of 
leafy branch. Th,e fecund.ity ratio (fruit:flower) is negatively 
correlated with the original number of .flowers per shoot, suggesting 
that fruit production decreases with increasing flower density. 
Again, these results may be explained by the small variation in flower 
and fruit numbers between repro~uctive shoots. The same correlation 
tested for branch area reveals no significant relationship between the 
variables. 
6.10.3 Density of pollination events 
i. Estimation of pollinarion rate ) 
, 
The following determines the proportion of aborted flowers that 
have been pollinated, enabling an estimation of the density of 
pollinations taking place in unit area of crown. Observations in the 
CSIRO arboretum suggest that female Diospyros pentallllera flowers are 
receptive for 3 days after reaching maturity, and if not pollinated 
• 
are aborted with the corolla'intact (chapter 5). Thedretically, theri, 
an aborted, corolla-less flower indicates a pollination event. If 
this information is to be used to determine pollination rates in 
Diospyros pentamera, then the relationship between pollination ·and 
corolla~less flowers should be verified. An aborted, corolla-less 
flower may have lost its corolla a) after pollination but before being 
physiologically or mechanically aborted, or b) after being rejected 
because unpollinated, but subsequently losing its corolla. It was 
predicted that pollen tubes would not be present in aborted, entire 
flowers but a large proport:f,,on, if not all, of the aborted flowers 
lacking corollas would sh~ the presence of pollen tubOs. _l'-
Freshly fallen flowers collected from beneath two female trees 
were treated and observed for the presence of pollen tubes in the 
stylar tiisue.p They were separated int~ two groups, 54 complete with 
corollas and 35 without corollas. All flowers had been naturally 
aborted; Appendix 6-1 shows the number of styles with pollen tube~ in 
each category. Whereas none of the entire flowers contained pollen 
tubes, 51% of the corolla~less flowers were shown to have been 
pollinated. It is concli:ided that the presence of a corolla in aborted 
female flowers is a depen"Bable inde.x of non-pollination and that 51% 
of all aborted, corolla-less flowers were pollinated before losing 
199 
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corolla-rings. Remaining corolla-less 'flowers are assumed to be 
non-pollinated flowers that lost corollas after being aborted. 
ii Density of pollination events 
In se~tion 6.9.3 an index of pollination events was estimated for 
experimental trees of Neolitsea dealbata based on the sum of the 
proportion of aborted flowers that contained ~pollen. tubes with the 
density of fruit harvested from a unit area of crown. The 
demonstration that 51% of aborted, corolla-less flowers in 
Diospyros pentamera were pollinated enables an alternative estimate of 
the pollination rate in individual female trees to be made. The 
number of complete and corolla-less flowers trapped beneath femal~ 
trees had been distinguished at each collection. Whole flowers 
represent non-pollinated flowers and 51% pf the corolla-less flowers 
were designated 'pollinated' although aborted. The method for 
estimating density of pollination events is outlined in Table 6-15. 
The figure obtained represents the density bf pollination events per 
unit area of branch. Aborted corolla-less flowers were not found in 
traps beneath two trees (15 and 14). Product moment correlations 
between tota~ pollinated flower density and h~rvested fruit density 
sl)ow a high'l-Y significant relationship (Tpble 6-16). Since the fruit 
density is incorporated in tbe total. pollin?tion density and the 
density of aborted pollinate~ flowers is re~atively small in all 
cases, the overall ranking of trees remains the same producing a 
positive correlative trend. 
fJ (' 
Four trees aborted 22-26% of pollinated flowers, one tree only 
3.3% and one as much as 60%; two trees produced too few flowers and 
fruit to•determine the percentage loss of pollinated flowers. The 
proportion of pollinated flowers lost is not clearly related to the 
tree size (Table 6-15) which 'is a crude esti~ate of age; 
physiological mechanisms other than age therefore govern the rate of 
abortion. Tree 13, with a low abortion rate, had fewer scars on old 
wood than tree 12, which had a higher abortion rate; the reproductive 
effort of the previous season may determine,in part, the effort in the 
current years flowering. 
The variable and often large proportion of pollinatt flowers 
aborted does not alter the relationship between initial flo .r density 
(Table 6-11) and pollination density (Table 6-15). The ~ sity of 
pollinations and subsequent. fruit .set do not differ significantly and 
ill i H if are no~ strongly related to the initial flower dens ty. owever, 
log transformations are applied to the data, the variables are 
positively correlated (Table 6-16). The unusually high flow~~ to 
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Table 6-15 D. pentamera Calculation of· density of pollination 
events 
Tree d .b .\1. a b c d e. f 
Code (cm) 
12 18.7 10 296.2 151.1 15.1 57.6 26.2 
13 13.7 12 442.6 225.7 18.3 554.4 3.3 
15 17.8 17 0.0 0.0 0.0 2.7 0.0 
17 18.7 13 145.2 74.0 5.7 25.7 22.2 
4 17.7 5 67.8 34.6 6.9 28.6 24.1 
28 19. 2' 11 90.1 46.0 4.2 7.Q 60.0 
34 12.9 4 0.0 0.0 0.0 8.3 0.0 
35 21. 2 4 99.2 50.6 12.7 53.8 23.6 
< 
a Number:of branches above litter trap.· 
b 
c 
d 
e 
f 
Number of corolla less flower":ls a. fruitiets in 
(m2 crown shadow). 
51% of aborted flowers; designa ;"·' pollinated". 
trap 
Total number pollinated flowers ~ by number of branches 
above the trap (c/a) to 2ive the density .of aborted, 
pollinated flowers per m branch. 
2 
. d . h Number of pollinated flowers per m branch summe wit 
the density of harvested fruit per m2 branch. 
Number of aborted, pollinated flowers as a percentage of 
the total estimated number of pollinated flowers. ~ 
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Table 6-16 D. pentamera: 
... 
Correlations between 'i'iumber of pollination 
events, flower and fruit density (n = 6) . 
'. 
Function 
Harvested fruit per m2 branch as a 
function of total pollinated flowers 
2 Harvested flowers per m branch as a 
function of aborted, pollinated 
flowers. 
2 Harvested flowers per m branch as a 
function of total pollinated flowers 
Harvested flowers per rn2 branch as a 
function of total pollinated flowers 
(log transformed variables) 
u 
j. ., f 
r 
0.99 
0.55 
0.66 
0.74 
• \ 
p 
0.000 
0.16 
0.08 
0.04 
! 
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ratio in tree 4 is sufficient to explain the deviation from a 
relationship betwee~ the two variables. It is concluded that 
density is a reliable index of pollination events in 
Diospyros pentamera. 
6.11 Litsea leefeana 
Two flowerin~ periods for Litsea leefeana were followed, one .;il-Jl. 
1982 . and the -ol1'rer · .~n) 1983. 1982 was a poor flowering season and 
branch collecliions yielded few or no flowers. Flowering was better in 
1983 although tne crowns were above the general canopy and were often 
small or broken in large trees, making collecting with line and 
sling-shot especially difficult. Collecting effort was eventually 
concentrated on female trees in order to obtain comparable flower and 
fruit density figures~ Flower production estimates· were made for six 
female trees. Only three male trees were 5>uccessfully sampled for 
flowers and so male flower production estimates are based on the 
density of flowers trapped (at ground level) per metre squared of· 
crown shadow. Fruit collections were made for 10-12 femq.le trees but 
trees. Relative fruit:flower ratios could only be calculated for 6 
fecundities are compared between female trees; flower production 
estimates are correlated with &irth and fruit estimates are correlated 
with girth and flow~r densities . 
6.11.1 Flower prod\iction 
Flower' collections were made for three male trees, two in 1982 
' and one in 1983. Inflorescences were counted, multiplied by 4.2 (the 
mean number of flowers per inflores_cence) and expressed as a mean 
density per shoot or metre squared of br~nch area. The 1982~ ~ 
collections wei:w small but the collection made from tree 37 in 1983 
provides a comparison of flower density with female trees (Table 
6-17). 
.. 
-. 
Falling flowers were trapped beneath the crowns of six male 
Litsea leefeana trees in the 1982 and 1983 flowering seasons; three 
of· the trees were sampled in both years. 'The numbers of 
inflorescences and inflorescence buds collected each sampling period 
were totalled and divided by the the trap area to determine tqe 
density of inflorescences falling per metre sq~ared of crown shadow 
for each tree. This- figure was multiplied by a factor of 4.2 to 
obtain the density of flowers produced per metre squared of crown 
shadow (Table 6-17). Product moment correlations betwe€n flower 
' production and d.b.h. were performed for each year to dete_rmine 
whether flower production can be expressed as a function of tree size. 
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Table 6-17 L. leeteana Flower production in male trees. 
1. 
2. 
3. 
~ 
Average number of flowers per inflt'rescence = 4.2 ! 0.4 (n = 30). 
I 
Flower density per snoot for three trees (inflorescence density 
x 4. 2). 
Tree d.b.h. x in fl-ores cences n x flowers 
(cm) per shoot per shoot 
~ 
·~ 
1983 37 56.7 20.6 ! 12.2 22 86.52 
1982 13.5 43. 2 0.1~ --86 0.59 
1982 H 13 20.9 0.03 49 0.15 
Flower density per m 2 crown shadow estimated from material trapped , 
beneath the canopy. 
-\) 
Tree (.b.h. Flowers 
2 
crown shadow per m 
(cm) 
1982 1983 
37 56.7 3588.5 45286.1 
36 48.4 5376.0 
14.11 43. 9 600.6 
4.8 25.8 93.2 2505.3 
NS 34.8 259.6 
3.1 32.5 1530.5 17665.2 
H13 .,20 .9 2721. 6 
34' ' 3389.4 29 .6 
14.3 21.0 3205.0 
) 
2 
4. Correlations between· flower production perm· crown shadow and d.b.h. 
Function 
Fld~rp. m2 '(19~2) as a .function of d.b.h. 6 
Log fl0wers m~2 (1982) as a function of d.b.h.6 
. -2 
Flowers m (1983) as a function of d.b.h. 
2 -------Log flowers m- 1983) as a function of d.b.h. 6 
6 
r 
0.74 ·0.095 
0.80 
0.97 
0.90 
0.055 ~/ 
0.002 
0.014 
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Table 6-18 L. leefeana: Flower production in female trees. 
1. Average number of flowers per inflorescence,= 4.0 + 0.0 ( n = 30). 
~ ~ower density per shoot and per m2 branch. 
"Tree d.b.h. i flowers 
~ (cm) shoot -1 
33 1.(5.5 50.4 
35 52.8 43.8 
'· 
3 6 3G.6 :.28. 3 
H11 15.9 26.1 
" 07 \ 40.5 33.1 
5.2 26.~ 15.2 
-
( 
x flowers 
m-2 branch 
5995.1 
5498.4 
2253.1 
888.9 
1669.6 
5~9.3 
... 
. 
3. .Correlations between d.b.h. and two measures of flower density. 
Function n r p 
-1 function of d.b.h. 6 o. 77 0.07 Flowers shoot as a 
-1 
log flowers shoot as a function of d.b.h.6 0.73 0.09 
Flowers m -2 as a function of d.b.h. 6 0.83 0.04 
log flowers -2 as a flJ,I1ction-of d.b.h. 6 0.86 
0.03 
m 
~ 
,,. 
.I 
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Branch collections were made from six female trees early in tJie 
1983 flowering season. ~he mean number of inflorescence buds per 
shoot and per metre squared of leafy branch were calculated and 
multiplied by 4.0 to give the d~nsity of flowers produced per shoot or 
unit area of branch Tab1e (6-18). Product moment correlations were 
performed between these density estimates and tree girth. 
In male trees, flower production per unit area of crown is hi~ly 
correlated with tree size in the data for 1983 but not for 1982 (Ta~le 
6-17). The relationship for 1982 is only slightly improved with log 
transformation of the data. Two reasons are suggested for these 
findings. Firstly, the general poor flowering, coupled with a late 
start in the data collection for this year resulted in a uniformly low 
flower catch, even though collect~s were continued over a period of 
11 weeks compared with the 5 weekly collections made in 1983. 
Secondly, there was less variation in girth size in experimental trees 
in 1982; the introduction of smaller trees in 1983 revealed a 
~ 
decrease in flower production with decreasing girth size. 
In female trees, the density of flowers estimated per metre 
squared of branch is more significantly correlated with tree size than 
'is the density of flowers per shoot, suggesting that the density of 
reproductive shoots per unit 
(Table 6.5.Jb). The male tree 
reproductive shoot as a female 
area of crown changes with tree girth 
~· 37 produced twice as many flowers per 
,.,..,., 
tree (35) of similar girth. 
6.11.2 Fruit production and fecundity. 
Fruiting branches were collected from 12 \emale trees in August 
1983, six months after the end of flowering when fruits were about 
, half mature. The mean density of fruit for 50 reproductive shoots was 
determined for 12 trees but densities·per metre squared of branch were 
available for only 10 trees since in trees 35 and 41 the material 
consisted mainly of single twigs; consequently, fruit:flower ratios 
per metre squared of branch were determined for five of the six trees 
sampled during flowering and an alternative estimation of relative 
fecundity was devfsed. The number of fruit produced at each visible 
reproductive meristem was recorded for each shoot. Where a meristem 
scar was visible but with no fruit or fruit scars present, a ~ecord of 
zero fruit per meristem was made, enabling the mean number of fruit 
produced per inflorescence group to be determined (Table o-19). 
Inflorescence scars were distinguishable from fruit scars since the 
latter were always 
This method was 
since it is based 
larger, showing evidence of tissue thickening. 
more reliable than the separate sampling techique, 
on the relative _proportions of fruit and meristems 
} 
193 
on the same reproductive shoots. Fruit:flower ratios were determined 
for densities estimated for metre squared of branch, and shoots; the 
average number of fruit produced per reproductive meristem was 
calculated for 50 shoots. Product moment correlations were performed 
between tree size and the fruit densities and fruit:flower rat~os, 
between flower densities and fruit densities, and between fruit:flower 
ratios and flower densities. 
High flower densities found in male trees compared with female 
trees parallels those relative flower productions for male and female 
trees of Neolitsea dealbata and Diospyros pentamera. Since flower 
production in both male anc!'female trees is correlated with tree size, 
it would be expected that, in conditions of unlimited pollen density, 
fruit production might be directly related to initial flower 
densities, if an unlimited number of flowers were potentially able to 
be matured to fruit. Alternatively, fruit production might be related 
.P to tree size if larger trees were physiologically more capable of 
maturing fruit than were smaller ones. Fecundity levels were not, 
however, related to either tree size or initial flower density (Table 
6-20). 
The fruit were half mature when sampled and it was probable that 
several fruit had been aborted during the interval between flower and 
fruit samping. However, as it was possible to distinguish scars or 
single fruit peduncles, the estimates for densities of fruit per 
meristem and shoot are realistic. Trees heavily laden with immature 
fruit were favourite foraging sites of pigeons, resulting in some 
considerable loss of fruit. In the majority of cases, however, the 
drupes were lost from the persistent calyces, allowing a confident 
· f f i be made. """ estimate o ru t presence to 
Although no estimates for pollination densities per unit area of 
crown were made for this species, differential pollen densities may 
play an important role in fecundity 1'4-'els and this factor is 
considered in chapter 8. ~ 
Results from the 1982 fecundity measures were insufficient on 
which to base a conclusive argument regarding the factors contributing 
to fruit prod~ction. In a good flowering year most individuals of 
this species flower synchronously. Other (possibly alternate) years 
do not provide adequate material for quantitative investigation. The 
following points are suggested as part of the p~~~erns expecdred in 
trees in sub-optimal flowering seasons: '\. 
,' "/...--::--, 
<fa 
\ 
) 
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Tcible 6-19 L. leeteana: Fruit density, fruit:flower ratios and fruit 
meristem ratios. 
Tree d.b.h. Fruit density Fruits:Flower Reproductive meristems 
i( shoot -1 - -2 -1 - -2 - -1 fruits: )(ffi Shoot Xm )( shoot 
meristem 
33 45.5 + 1. 5 0.02 0.002 
+ 4.1 0.19 0.9 - 36.7 4. 8 -
35 52.8 9.4 + 5.9 0.21 6.2 
+ 3.6 i. ~.o 
-
(> + v + 3.6 36.6 4.3 - 3.9 334.3 0.15 0.15 5.2 - 3.3 0.83 
H11 15.9 1. 5 + 1. 8 1'77.9 0.06 0.20 3.8 
+ 2.0 0.40 
-
-
.+ + 2.3 1.02 07 40.5 3.7/- 3.4 198.1 0.11 0.11 3.6 -
5.2 26.6 ,3(5 + 4.1 299.9 0.23 o. 77 5.7 
+ 3.5 0.61 -
/ 
+ + 2.8 0.94 52 50.1 3.9 3.9 412.8 4.1 -
+ 64.3 2.7 + 1. 5 0.77 51 52.5 2.1 1.9 
+ + 1. 3 0.30 Cl 15.6 0.3 - 0.8 8.9 2.8 -
+ + 4.7 1. 35 43 38.8 8.1 9.1 1537.1 6.0 -
+ 4.9 + 3.7 1.46 38 34.4 7.1 7.9 844.2 
+ 4.7 + 3.2 1.90 41 29.0 8.9 7.4 -
O' 
• 
'" 
c 
'·.,, 
~" :' 
": 
. ' 
;_· 
.:·; 
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Table 6-20 L. leefeana Correlations between d.b.h. and fecundity 
(flower and fruit densities, fruits:flowers 
ratios and fruits:meristem ratios) for 
female trees. 
I 
Function 
d.b.h. x fruits per shoot 
d.b.h. fruits 2 branch x per m 
d.b.h. x fruits;flower per shoot 
d.b.h. fruits:flower 2 branch x per m 
flowers per shoot x fruit per shoot 
2 f" 2(__ flowers per m branch x ruit per m bX'dnch 
d.b.h. x fruits:meristem 
flowers per shoot x fruits:flowers per shoot 
-2 flowers,per m branch x fruits:flower 
per m2. branch 
n r p 
12 -0.10 o. 77 
10 -0.11 0.76 
6 0.15 0.78 
5 -0.49 'O .40 
6 0.15 0. 77 ~ 
5 -0.73 0.16 
12 0.27 o. 39 
6 -0.45 0.37 
5 -0.63 0.25 
'" 
. I 
'' ~· -: r, 
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1. Flowering is generally poor, but male trees produce more flowe'rs 
than female trees; some female trees do not reproduce at all. 
2. Flower density may be related to tree size in male trees but is 
more likely to be inversely related to the reproductive effort of 
the previous year in female trees. 
3. The low intensity of flowering generally iq· the population 
... 
invoke reduced amount of pollen movement bf tween trees 
consequently any disiance effects on pollen transport will 
greater in poor than good flowering years. 
may 
and 
be 
4. Fruit set in sub-optimal years may be either inversely related to 
the previous year's flowering in conditions of unlimited pollen 
density or related to the distanc.e between male and female trees 
if pollen is limiting, or both these factors may appl~. 
6.12 Discussion. 
A summary of the correlations made between variables is given in 
Table 6-21. Previous estimates of flowering propensity in tropical 
trees have involved counting flowers (Bullock and Bawa, 1981) or 
inflorescences (Melampy and Howe 1977) of small trees by direct 
observation; these species are characterised by large reproductive 
structures. Silander (1978), assessing original flower production in 
the ·r-hermaphrodi te shrub, Cassia biflora, counted the number of 
..._, -
peduncle scars together with flowerg,./ anci' pods present on sample 
/ 
branches. 
Estimates of flowering propensity and fecundity using separate 
collections of flowers and fruits proved_ useful for these species. In 
Diospyros pentamera, where flower density per shoot showed little. 
variation between trees, whereas the number of ·reproductive shoots did 
vary, the estimate for flower densities per unit area of branch 
enabled the prediction of expected fruit densities in conditions of 
unlimited pollen. ~ 
Flowering propensity is much greater in male than in female trees 
in all three species. Lock and Hall (1982) found that in addition, 
male inflorescences contained more flowers than females in 
Mallotus oppositifolius. The number of flowers per inflorescenc~ is 
very similar in the sexes of Neolitsea dealbata and Litsea leefeana. 
A high male to female flower ratio is indicative of a greater resource 
allocation to the pre-mating reproductive effort in males (Bateman, 
f 
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Table 6-21 
N. dealbata 
1982 
1983 
(1982 
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Summary of significant correlations between measures 
of fecundity, tree girth and flowering propensity in, 
N. dealbata, ,D. pentamera and L. leefeana. 
'i) 
d.l;i.h. flower fruit \ mer is tern 
density density \ density 
flower density rJ' ' , ..
floWer density ~ x 
fruit density ~ x ~,, 
fruit density 0 + x 
pollination ~ ,\ x 
events 
fruits:flower 0 + x x 
fecundity ~1983 fruits:meristern 0 x + x 
.( 
( 
\ 
L. leefeana flower density d' , .. 
~ ':.'' 
( fruit density ~ x 
fecundity( 
( fruits:flower ~ x 
fruits:rneristern 0 + x 
D. pentamera flower,density 61 * 
"~ x 
fruit density ~ x 
"fecundity fruits:flower ~ x 
pollination ~ 
events 
,.. significant correlation 
x correlation tested and not significant 
blank : correlation not tested 
x 
x 
x x 
' . 
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1948; Willson, 1979;' Bawa, 1980a). 
The variation in flower production in male trees can be explained 
by tree girtq_i'n Neolitsea dealbata and Litsea leefeana, but only at 
90% level in Diospyros pentamera. In the latter species, it is 
suggested that with the gradual production and development of flowers 
over a period of several weeks, a single oollection in limited time 
may be an unsatisfactory way of assessing flower production. 
Female flowe~ing density can be predicted by girth size in 
Litsea leefeana but not in the other two species. Bullock and Bawa 
(1981) showed that flower production was correlated with tree girth in 
male but not in female Jaccaratia dolichaula in a Costa Rican f~rest. 
Similarly Melampy and Howe (1977) fou~d a strong relationsip in male 
but not female trees between inflorescence production and 
cross-sectional area. In these species, female flowering propensity 
may be related to the reproductive effort o'f the previous flowering 
seasqn; either a high previous flowering propeq.sity or, more likely, 
a high level of fruit maturation, may re~lt in,,,resou~ce drain 
sufficient to significantly reduce the producti~ of flowers in the ( ' 
following season. 
Litsea leefeana has a short flowering phase and vegetive growth" 
occurs during the long fruit matruation per.iod. But flowers initiated 
on the current year's wood are ·not necessarily matured until the 
following season so that flowers are produced in alternate years on 
year-old wood as well as the current season's growth. All females 
appear to have a synchronous non-annual blooming cycle, enabling a 
high flowering propensity in, possibly, alternate years. This may 
explain the significant correlation with girth in 1983. In 
Diospyros pentamera, little if any vegetative growth occurs duripg the 
lo;tg flowering and short fruiting phases. New flower buds are 
jl'obably initiated on new wood laid down, after fruiting and some 
/females may not harbour enough resources to mature a large flower crop 
after a heavy fruiting season. 
Tree girth does not explain fruit densities or fecundity 
(fruit:flower ratios) in any of the three speci~s. This finding 
contrasts with that of Bullock and Bawa (1981) who show that fruit 
production increased with the size of the tree, in 
Jacaratia dolichaula, whereas flower density did not. This species 
apparently produces comparatively few flowers and estimates of flower 
and fruit density were made for complete crowns "by eye". 
Undoubtedly, the numbers of fruit produced in the present experimental 
species were directly proportional to the size of the tree crown 
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(although this was not ,demonstrated) merely because there)are more 
reproductive branches in larger crowns. However, on the basis of a 
unit area of crown (either per shoot or per metre squared of branch), 
fruit production /fecundity is not related t~ the age (or size) of the 
tree in either"!'.>f the three species investigated in this study. 
Simple fruit densites are significantly correlated with flower 
densities in Neolitsea dealbata and Diospyros pentamera (with log 
transformation in the latter species), suggesting that f~uit density 
can be predicted from initial flower density alone in these species. 
In Litsea leefeana, there was no significant relationsh1ip between 
these two variables. Fecundity measures were correlated with flower 
density only in Diospyros pentamera, suggesting that the number of 
flowers that develop into fruit~ is di-'tectly proportional to the 
original density of flowers. This relationship was ipot found in 
Neolitsea dealbata, despite the apparent correlation between flower 
and fruit density in 1982. The variable predicting fruit density in 
Diospyros pentamera was density of flowers per metre squared of 
branch, whereas fecundity. levels were eorrelated with flower densites 
on a per shoot basis only. Since density of flowers per shoot were 
found not to be a suitable predictor of fruit density in this. spec'ies, 
it is suggested that the apparent correlation is due to the small and 
almost uniform range of fruit (1.0-1.3 per shoot) and flower (2.5-6~9)) 
per shoot) valfes. ' 
An alternative fecundity measure was estimated for _ _,.,. 
Neolitsea dealbata and Litsea leefeana, based on the number of frft 
produced per reproductive meristem. This would theoretically b a 
more realistic fecundity measure since it is based on fruit and fl wer 
data from the same reproductive structures. In neither case is 
fecundity correlated with tree girth. This supports the finding that 
fruit:flower ratios from separate collections are not related to tree 
girth or flower density in either species. 
Barrett and Thomson (1982) showed that fecundity was posi~ively 
correlated with the number of flowers per inflorescence in Aralia 
nudicaulis. In this study only one of the three species demonstrate 
this relationship.· The contribution of pollen density and spatial 
pattern to fecundity estimates is explored further ln chapter 8. The 
e~timation of the density of pollination events per unit area of crown 
proved useful in that it revealed a relatively small and uniform 
proportion of aborted, pollinated flowers and showed that flower 
density predicted the number of pollination events in 
Diospyros pentamera and Neolitsea dealbata, whereas fruit density was 
a good estimate of pollination events only in Diosp~ros pentamera. 
\ ( 
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~ 
The long fruit maturation phase in Neolitsea dealbata may be"),, 
responsible for an unpredictable number of fertilised flower and fruit 
abortions. 
.. 
The following is a comparison between the results for potential 
and natural fecundities. The estimated maximum fecundity (percentage 
of flowers reaching semi-maturity) in Neolitsea dealbata, 
Diospyros pentamera and Litsea leefean~ (sections 6.3, 6.4, 6.5) was 
60%, 55% and 3% respectively. Maximum figures obtained in the 
experimental populations were 31%, 46% and 23% per average shoot 
count. The low fecundity estimate from the Litsea leefeana individual 
P in the arboretum was probably related to its small stature and 
emphasises the dangers in basing fecundity measures on individual 
trees. On the other hand, the figures for Diospyros pentamera are 
.,, 
remarkably similar, reflecting the fact that fruit:flower ratios on a 
per shoot basis are similar throughout the experimental group in this 
species. The variation in values of fruit set or fecundity ratios, 
many well below the maximum, suggest that factors external to 
physiological conditions may at least partially control fecundity. 
These findings highlight a basic difference in fecundity levels 
predictable from flowering propensities between a species with a 
gradual flower production (Diospyros pentamera), and two species i~ 
synchronously 
fecundity is 
which flowers are produced more or less 
(Neolitsea dealbata and Litsea leefeana). The fact that 
not predictable from flowering propensity in two species exemplifies 
the need to look beyond f1ower~ng propensity as a major predictor of 
fecundity. 
6 . 13 Summary. 
1. Apomixis was ,not detected in Neolitsea dealbata, 
Diospyros pentamera or Litsea leefeana. 
2: Artificial hand pollination tests yielded poor results ·in relation 
to open pollination. 
3. Potential 'optimum' fecundity cannot 
rigorous repeated pollinations and 
pollination and fertilistion are not 
technique. 
be measured except under 
where normal condition~ for 
altered by experimental 
4. Estimates for natural fecundity in experimental populations were 
less than 50% fruit set for all three species~ 
1.
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5. Estimates for potential optimum fecundity in cpnditions of 
unlimited pollen supply were useful for two species but not for 
Litsea leef eana where a relatively small individual of the species 
was used. 
6. Flowering propensity in male trees can _JJe predicted by tree girth. 
7. In species which exhibit alternate or less frequent flowering 
years, female flower density may be predicted by tree size. In 
annually flowering species, female flowering propensity may be 
related to other factors . 
./J 
8. The estimated density of pollination events is closely related to 
the flower density in ,Diospyros pentamera and Neolitsea dealbata 
and fruit density is a good predictor of pollination density in 
Diospyros pentamera. 
9. Fruit production (but not necessariuy fruit:flower ratios), is 
correlated with original flower density in Neolitsea dealbata and 
. Diospyros pentamera but no~ in Litsea leefeana. 
>/ 
\ 
10. Estimates for po ten ti.al optimum fecundity in condi tions''\l of 
unlimited pollen supply were useful for two species but not for 
Litsea leefeana where a relatively small individual ot' the species 
was used. 
11. Whereas flower propensity may explain Diospyros pentamera, other 
to predi·c t fecundity in causal factors are sought 
Neolitsea dealbata and Litsea leefeana. 
Having documented the flowering process and variation in female 
fecundities in natural populations the mechanism of pollen transfer 
from male to female trees will now be described. The next chapter 
investigat~s 
transporting 
quantities of 
the identities, numbers and periodicities of vector~ 
pollen between male and female trees, and documents the 
pollen arriving at female trees. 
r~f 
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CHAPTER 7 
POLLEN VECTORS AND POLLEN DENSITIES 
7.1 Introduction 
Insects are the most effective pollen vectors for the three 
experimental tree species (see chapter 5). In this chapter the insect 
fauna as a whole is treated as a vehicle for pollen transport between 
male and female trees, but specific flower-insect relationships are 
not discussed. The aimi of this chapter fall into five categories: 
1. To document insect abundance at male and female trees during the 
flowering period; evidence for a quantitive response of insects 
to flowering is sought. 
} 
2. To identify the types of insects that carry pollen ~etween male 
and female trees. 
3. To determine the 1'deg__~ 
pollinators. 
of spec!alisation exhibited by 
4. To determine the relativ~efficiencies-of different insect groups 
as vectors. Pollinator efficiency is defined in term~ of the 
,, 
quantities of pollen carried to female trees. What are the 
relative amounts of pollen collected by different insec~ groups? 
Do different insect groups transport differing amounts of pollen 
from male to female trees? Do insect Orders differ 'with respect 
to the regularity with which they carry pollen? 
5. To document pollen densities leaving male trees and arriving at 
female trees. Kn9wledge of the quantities of pollen reaching 
female trees is required in order to understand the role of 
spatial relationships in the transport of polleR between m~le and 
~) 
female trees. 
. . 
Initially, a comprehensive catalogue of the amount of pbllefi 
carried by all flower visitors was attempted. Two factors made this 
task impractical. F1rstly, the .intensJve sampling strategy and a 
short flowering period (in two species) made it diffic9l~ to select 
enough individual insects for testing. Secondly, pollen counts from 
individual insects were consistently low, except for some ~ymenoptera. 
'<( 
[.:,· . ' . 
; 
. i 
.. 
., 
203 
··To avoid these difficu~ties, insect taxa were sampled separately on a 
few occasions only, particularly when they were abundant. Emphasis 
was placed on obtaining insect and pollen densities at male 'and female 
trees 
those 
for each tree species. 
used for flowering 
The experimental trees were the same as 
performance in the 
Diospyros pentamera. and a- sample of those in the 
Litsea leefeana and Neolitsea dealbata (Table 7-1). 
4, 
7.2 Methods 
ref£ 
case of 
case of 
) 
, ·r Insect trapping followed a modified version of the method usea by 
Stephen and Dahlsten (1976). In thdt study, sticky insect traps were 
positioned along the length of tree boles of Ponderosa pine (Pinus 
ponderosa Lawson) by means of a pulley system. Trapped western pine 
beetles (Dendroctonus brevicornis Le Conte) were retrieved from the 
traps by soaking#them in hot kerosene. The foll~wing is an outline of 
the sampling methodology.and strategy used in this study (see App~ndix 
7-1 for detailg ~f trap construction and positioning in tree 
canopies~. 
\· 
Sticky traps were positioned so that they hung on the oute.r edge 
of the canopy c·lose to flowering branche.s (see Fig-, 7-1); sampling 
heights are given i-n Appendix 7-2. The total area of each trap was 
0.1 metre squared. At the end of each sampling period the screen was 
hauled down, removed, an4 r.eplaced by q. new screen, freshly painted 
with the commerciaI insect adhesive, "Tangle-Trap" (see Appendix 7-1). 
The collection times were the pame as, those fo~lower litter 
coilections but only the proportion of 'the S'amples t a't .coincided with 
the flowering perioc;l were utilised in the final anal s ;_ a summary 
of the sampling inteLvals fofeach tree species popul tion is given in 
Table 7-1. ~ ~ 
·~, 
L 
To test the relative· ef.ficiency of sticky screens as poI1.inato~ 
traps, a light trap was positioned in the canopy of a: single flowering 
female Litsea leefeana (tr'ee 33) in March 1982 (see Appendix 7-1 for 
construction and technique). Collections were made for two 48 ,hour 
periods, once using both the light .. and' the fan and once using th,{ fan 
alone. The insects were gtored in ethyl alcohol, ~ounted and 
expressed as the number of each taxon trapped per day (Table 7-2 ). 
~ 
Collected sti~ky screens were carried from the field in a 
partitioned pox especially constructed to avoid contamination between 
, , 
screens. Insects were retrieved from the tra~a. on th~ day of 
collection. A sample of 10 to 50 insects for pollen retrieval was 
picked from each screen and ~tored in vials containing kerosene. Each 
i 
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Table 7-1 Sampling programme for vectors and polle~ for D. pentamera, 
N. de@lbata and L. leefeana. 
Species Sampling 
. * period 
I 
D. Ji.entamera 17.10.84 
-28.12.82 
N. dealbata 
L. leefeana 
26.4-28.5.82 
3.6-10.6.83 
15.2-12.3.82 
4.2-19.2.83 
N Total 
days 
15 
6 
1 
63 
26 
7 
8. 29 
1 15 
No. experimental 
trees 
11 
6 
3 
9 
12 
3 
6 
n.f 
2 
* 
n.f 
Dates for period yielding useful results 
non-flowering trees 
4 
No. traps 
per tree 
2 1 (O.lm) 
2 1 (O.lm) 
2 2 (0.2m ) 
1 2 (O. lm ) 
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Table 7-2 Density of insects trapped using a sticky screen and a light 
trap in a flowering female L. leefeana. 
No. insects trapped per 24 hour period 
Sticky screen Light & fan Fan alone 
Trapping period / r 17.3-21.3.82 2.4-4.4.82 5.4-7.4.82 
Coleoptera 3.8 8.5 0.5 
Hymenoptera 1.5 4.5 0.0 
Diptera 20.0 1319.5 7.5 
Lepidoptera o.o 7.5 0.5 
Total 25.3 1340.0 28.0 
) 
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screen was then cleaned ~f all other insects by soaking in a kerosene 
bath to dissolve the "Tangle-Trap''. The kerosene, containing insects, 
was filtered through fine nylon mesh and the insects were stored in 
70% ethanol for later counting and identification. These samples, 
together witn those washed for pollen, gave the total insect densities 
trapped at each tree during the flowering period. 
Three major Orders of flying insects (Coleoptera, Hymenoptera and 
' Diptera) were counted ~~parately. A fourth potentially important 
Order, Lepidoptera, was rarely seen at flowering trees ana was never 
trapped. Other flying groups such as Orthoptera were excluded from 
the final insect totals since they are leaf-feeders and presumably 
ineffective as pollinators. Non-flying Orders were not counted since 
they are unlikely to convey pollen between t*'ees. 
To obtain pollen from the pre-selected insects, the kerosene 
containing them was filtered through a cellulose-nitrate filter using 
a Millipore filtration~pparatus described in Appendix 7-1. The 
filters were dried, scanned under x400 magnification and the pollen of 
the experimental species counted. Pollen washed from Coleoptera, 
Hymenoptera and Diptera was filtered separately for part of the 
collection only. Thereafter, insect samples from the same trap 
collection were pooled. Some individual species were washed 
separately to assess their potential as pollinators. Pollen densites 
were expressed as the average number of grains carried per insect. 
The total density of insects arrivin& at individual trees was 
expressed as the number of Coleoptera, Hymenoptera, Diptera and total 
insects per 0.1 metre squared of crown trapped per day for each 
collection interval throughout the flowering period.. Since most of 
the tested insects were found to carry pollen ,<section 7.3.3); the 
total density of pollen trappe? at individual trees was estimated by 
multiplying the insect densities by the pollen density defined above. 
This calculation was done for Coleoptera, Hymenoptera, Diptera and all 
groups combined to give the density of pollen trapped per screen (0.1 
metre squared of crown surface) per day. 
' 
7.3 Results 
7.3.1 Reliability of sticky screens as vector traps. 
The light trap with both light and fan operating trapped many 
more insects per day than either the fan alone or the sticky screen 
over a comparable period of the flowering phase (Table 7-2). ·The fan 
and sticky screens trapped roughly similar numbers of insects. The 
.. 
' , ' 
11,<' ':.' ,.t'', 
l: 
1,' 
r. 
,, ' 
1. 
.. ·.:( •,; 
•' 
., ' 
207 
relative proportions of different taxa were similar in each of the 
three treatments. The hig\ density of insects caught in the light 
trap is attributed to the attracting light source .at night. Anthesis 
is diurnal in Litsea leefeana so night-flying j>nsects lured to the 
tree by the light source rather than the flowers are not significant 
as pollinators. Light trap catches are therefore unlikely to 
represent the true density of pollinating fauna at a flowering tree . 
The majority of Diptera caught in the light trap were small 
(l-2mm long) and the number of taxa represented was small compared 
with the sticky trap catches. The majority of light-trapp~d Diptera 
belonged to the midge family Chironomidae which was not an impo~tront 
pollen vector group (see section 7.3.2). The light trap, although 
small, was heavy and had to be suspended from a strong limb; it 
proved impossible to position it close to the flowers on the outer 
edge of the tree crown. On the other hand, the sticky screens were 
light, quickly constructed aQd easily positioned in the canopy. The 
st~cky screens proved to be an efficient method for trapping flower 
vi~itors repeatedly at a number of trees. 
The open mesh design of the screens worked well (Fig. 7-2). , . 
Even insects with a wing span smaller than the mesh width (0.8cm) were 
trapped, suggesting that the mesh size is su~table for all insect 
types. Solid sticky plates are reported to be less successful 
(D. Anderson, pers. comm). The mesh design used here does not 
restrict normal ;tf-r \~low patterns so approaching insects are not 
forewarned of t.1Je object before them. Presumeably insects directing 
their flight through the mesh easily catch their wings on the sticky 
grid. The body length of trapped insects ranged from less than lmm to 
over 3cm. The feral honey bee (Apis mellifera) was the heaviest 
species caught. The bees stuck to the screen~ but occasionally ~orked 
their way to one edge and fell free. Consequently they may have been 
undersampled in the trapping experiments. 
7.3.2 Flower visitors and pollinators. 
In contrast with the findings of Gentry (1974), Frankie (1975, 
1976) and Frankie and Baker (1974), native bees (Hymenoptera, Apoidea) 
were not important pollinators of these mass-flowering trees. Flower 
visitors collected from traps belong to 15 families (44 species) of 
Coleoptera: 16 families (45 species) of Diptera and 22 families (53 
species) of Hymenoptera (Tables 7-3, 7-4). ~any species were not 
tested for pollen, and of thos~ found not to carry\~ollen, several may 
have proved to do so if more individuals had been e~amined. 
" 
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Table 7-J Flower visitors and known pol1cn vectors for N. dealbata, 
L, leefeana and D. pentamera 
Farni I ies of flower 
. 
visitors o. 
COLEO!'TERA 
Melyridue 
Chrysomelidae 
Carabidae 
Coccinel I idae 
Cerambycidue 
Curculionidae 
Cantharidae 
Limnichidae 
Buprestidae 
Phalacridae 
Nit idul idae 
Tenebrionidae 
Lycidae 
Mordellidae 
Oedemeridae 
DIPTERA 
Tachinidae 
Calliphoridae 
Muscidae 
Syrphidae 
Phoridae 
Drosophilidae 
Lauxaniidae 
Chloropidae 
Sciaridae 
Biuionidae 
Tephitidae 
Asilidae 
Stratomyidae 
0, 
f 
. 
0 "Cl 
i:: ()) 
0, 
• 0. 
i:: (tJ 
·r-1 1-.. 
:::;-: +-> 
12 
5 
3 
3 
6 
3 
1 
1 
6 
4 
7 
5 
2 
1 
3 
3 
1 
2 
2 
4 
2 
No. spp. known fomi I ies of flower 
vectors 
trnpped at 
each tree 
species 
N.d. L.l. D.p. 
4 
3 
2 
3 10 
2 
1 
visitors 
Anisopodidae 
Platystomatidae 
Cecidomyiidae 
HYMENOPTERA 
0, 
0, 
Ul 
. 
No. spp. known 
vectors 
trapped at 
each tree 
0 "Cl . 
i:: ~species 
• 0, 
.~ ~ N • d • L. 1. D. p • 
::>: +-> 
1 
4 
1 
Tiphiidae 
Vespidae 
Pompilidae 
Elimenidae 
/1 1 
1 
1 
1 
1 
3 
3 
4 
1 
2 
2 
4 
1 
4 
2 
1 
3 
Sphecidae 
Braconidae 
Diapriidae 
Scelionidae 
1 Eulophidae 
Chalcididae · 
Pteromalidae 
Ceraphronidae 
Ichneumonidae 
2 Torymidae 
3 Yiphydriidae 
1 Multillidae 
1 Bethy1idae 
APO IDEA 
"Anthophoridae 
2 Col:Jfttidae 
2 Apidae 
1 
1\ 
1 
Halictidae 
Formicidae 
3 
1 
4 
3 
2 
2 
1 
4 
4 
1 
4 
2 
1 
3 
1 
4 
1 
2 
1 
1 
1 
1 
2 
1 
3 2 
1 
L 
1 
1 
1 
1 
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Table 7-4 Representation of families, species and size classes in 3 insect orders as pollen vectors for ~. dealbata, 
L. leefeana and D. pentamera. 
-
,_ 
ColeoEtera HvmenoEtera DiEtera Total 
Frequency Families Species Unidentified Families Species Unidentified Families Species Unidentified Families Species 
N. dealbata 7 14 I 6 10 1 6 15 2 19 42 
&. leefeana 8 14 7 9 4 15 1 -19 39 
D. pentamera 8 19 , 11 9 1 9 14 26 44 
Size class <3mm 3-6mm >6mm <3mm 3-6mm >6mm <3mm 3-6mm >6mm 
(length) 
N. dealbata 2 9 3 1 7 3 0 11 6 
L. leefeana 5 6 3 1 6 2 1 7 7 
D. pentamera 3 13 3 2 7 3 5 5 4 
-
T 10 28 9 4 20 8 6 23 17 
F~~~~'.'.".:~t'"-"c"':":'·'-:;::,.::·~--:=:::.:.:~z;;;;;~~~~~~~~~~~'=2-----··:.···:-.:.c:·· 
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A small number of pollen vectors was shared between two or three 
experimental tree species (see Table 7-3). These species were 
ubiquitous and relatively common, for example: Monolepta australis 
(Chrysomelidae), Carphurus species (Melyridae), Carabidae species C4, 
Apis mellifera (Apidae), Ichneumonidae species Hll, H4 and 
Calliphoridae species D20. Since the thre~ tree species flower at 
different times of the year, the small overlap in flower visitors 
suggests that many insect species are only seasonally abundant. 
The number of species of pollinating Coleoptera, Hymenoptera and 
Diptera is similar for the three tree species (Table 7-4). Since the 
Diospyros pentamera flowering period was longer than that of 
Litsea leefeana and Neolitsea dealbata, more insects could be tested 
i;; 
for pollen. This may explain why pollinators are represented by a 
larger number of families for this tree specie§. The majority of 
vectors for all ~hree species are between 3 and 6 mm' long (Table 7-4). 
7.3.3. Pollinator specialisation 
The data used to 
pollinators has been 
insects in the groups 
7-3). Insects were 
determine the degree of specialisation of 
taken from the pollen-wash records of individual 
Coleoptera, Diptera and Hymenoptera (Appendix 
sampled individually from only that part of the 
flowering 
from the 
period. 
middle of 
The 
the 
collection programme which covered the main 
data for Diospyros pentamera were taken 
flowering period. For Litsea leefeana and Neolitsea dealbata data 
were used from the earlier collection periods when flowering was more 
widespread among the population. 
More than 70% of the species and more than 65% 
tested scored positive for 'home' pollen type, i.e. 
species at which they were caught (Tables 7,-5, 7-6). 
percentage of individuals carried home pollen 
of individuals 
pollen from the 
Only a small 
exclusively. In 
Litsea leefeana 8% of individuals (seven individuals representing five 
species) carried only Litsea leefeana pollen. Of these, five 
individuals (2 species) had been shown to carry foreign pollen 
elsewhere. Those insects apparently collecting the poller\. of the 
experimental trees exclusively were rarely trapped and carried very 
little pollen; consequently they cannot be described as specialist 
pollen foragers. 
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Table 7-5 Pollinator Specialisation: proportion of tested species 
scoring positive for 'home' pollen. 
N. dealbata L. leefeana D. pentamera 
no. no. no. 
Coleoptera +ve 13 14 16 
-ve 3 2 3 
Diptera +ve 12 12 10 
-ve 2 5 7 
Hymenoptera +ve 11 8 12 
-ve 2 3 3 
Total +ve 36 (83.7%) 34 (77.3%) 38 (74.5%) 
p.. -ve 7 10 13 
Table 7-6 Proportion of tested individuals carryiµg 'home' pollen. 
·-Tree species N % +ve for 'home' % of those +~e for 'home pollen 
pollen that were -ve for foreign 
pollen 
N. dealbata 53 81. l 4.8 
L. leefeana 126 67.5 8.2 
D. pentamera 50 70.0 6.0 
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7.3.4 Insect abundance 
7.3.4.i Diospyros pentamera 
J. 
..... 
The distributions of insect catches are significantly different 
at male and female trees (Table 7-7). The densities of Coleoptera, 
Diptera, Hymenoptera and all groups trapped per 0.1 metre squared per 
day are expressed as a function of collection periods and shown with 
the curve for male an'd female flower production in Fig. , 7-4. The 
curve for total insects reflects the maximum in insect density at male 
and femal&-t.-rees at.collections 8 and 14 respectively. The density of 
insects trapped at male trees is consistently higher than that at 
female trees. The greatest variance between male and female trees 
occurs during the first eight sampling periods. 
At female trees insect density begins to increase after period 9, 
culminating in a maximum at collection 14. This peak rate of capture 
is largely due to the abundance of Diptera which do not appear 4(,po be 
responding directly to the flowering performance of the population. 
Coleoptera and Diptera show a rise in numbers at female trees at week 
12 corresponding with an increase in flower loss, particularly of 
unpollina ted flowers . 1 None .of the insect Orders therefore appears to 
respond immediately to flower availability in the female tree 
.. 
population. Rather, there is a marked lag in response to flower 
production. 
Densities of the three insect orders fluctuate considerably at 
male trees. Hymenoptera main .. tain lower densities and show least 
fluctuation in numbers; the curve is similar to that at female trees 
and the small peak at period 9 p~edes by one collection a more 
marked peak found at female trees. This peak is due to an unusually 
high number of Hymenoptera caught at tree 12 on this occasion ~ 
(Appendix 7-Sb) and so the rise is not a significant trend throughout 
the female population. Hymenoptera do not show a significant r~sponse 
<!g; 
to flo.wering at Diospyros pentamera trees. Diptera numbers fluctuate 
widel.} throughout the collection. At male trees Coleoptera peak 
noticeably at week 8, after the end of the documented peak in flower 
production. The variable peaks and troughs.(exhibited in particular 
by Diptera) may reflect the different flowering peaks in individual 
male trees (see chapter 5). Thi~ suggests that Diptera respond 
rapidly to flowering performance while Coleoptera numbers gradually 
build up on male trees until flowering passes a climax. Diptera is 
the md"S t abundant group at both male and female trees. 
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Table 7-7 Total number of insects per tree trapped in each collection 
interval (not corrected for mean sampling interval). Insect 
catches for individual trees are given in Appendix 7-4. 
Collection D, pentamera N. dealbata L. leefeana 
c? I 0 ef" ~ T n.f cf' ~ T n. f t 
17 31 182 83 133 nd 80 109 92 68 
2 44 31 155 77 116 1°27 131 f03 ~ 120 73 
3 37 28 212 94 153 156 126 176 143 65 
4 35 29 184 91 
I 
138 180 92 52 76 9)5' 
5 / 61 28 76 71 74 59 101 97 100 80 
6 68 33 46 56 52 55 140 162 166 170 
7 181 63 119 158 138 113 
8 263 60 136 138 136 220 
9 184 85 
10 197 111 
11 95 90 
12 157 122 
13 129 129 
14 236 125 
15 123 155 
2 x =447.5 2 x =208.3 2 2 x =32.4 x =78.9 2 x =128.6 
p<0.001 
male trees 
female trees 
T all flowering trees 
n.f non-flowering trees 
nd no data 
J 
p<0.001 p<0.001 p<0.001 p<0.001 
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7.3.4.ii Neol~ dealbata 
shape of the curve for total very The insects (Fig. 7-5) is 
similar in male and female trees although insects are almost. twice as 
abundant at male trees (Table 7-7)~ The values for total insects 
decline at both male and fe~al trees at collection 2, possibly due to 
adv~rse weather conditions (t ere were two wet days prior to this 
coll~ction). Diptera are e most abundant group at male, female and 
non-flowering, trees. Coleoptera are next most abundant, particularly 
at male trees where, with the Diptera, ·th~y reach a peak in numbers at 
feriod 3. 
Peaks in Diptera and Coleoptera occur at period 3 for both male 
and female trees. This is the period when aborted flower numbers are 
increasing at male trees and just appearing in traps beneath female 
trees. There is, apparently, an 'immediate' response to flowering by 
Diptera at both male and female trees and~leoptera at male trees. 
These apparent increases in Coleoptera and Diptera numbers may not be 
significant since the sampling intervals were large relative to the 
flowering period. A more relevant comment is that there is an 
irregular but general increase i~ insect numbers until collection 3; 
therea~er_ insect density declines at female and _male trees. Insect 
frequen2ies at flowering and non-flowering t~-eS are significantly 
different (Table 7-7) but densities are ·~ot necessarily lower at 
non-,flowering trees. Insect (especially Diptera) densities at 
non-flowering trees increase to levels similar to those at male tr~es 
after collection 4, suggesting an increased insect mobility between 
trees as maie flowering declines. The maintenance of high numbers of 
Diptera at female trees at~ this period is also indicative of a 
response to extended flowering in this group relative to male t~ees 
(chapter?>· 
7.3.4.iii Litsea leefeana 
The ratio of · the three insect groups remains the same for 
flowering and non-flowering trees (Fig. 7-6) although Diptera in 
particular are much less abundant at non-flowering trees during th~ 
flowering period. The overall distribution of insects throughout the 
flowering period is . significantly different between flowering and 
non-flowering trees (see Table 7-7). The Diptera peak at period 3, 
suggesting a significant response to flowering"' by thi'S) group. 
6 Relatively high numbers of Coleoptera% at male trees irt period 2 
indicate a response (although not necessarily a significant. one) to 
the production of pollen-bearing flowers, and thereafter beetle 
density declines. Total insect numbers are similar in flowering and 
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non-flowering trees after period 3 when flowering has ceased. There 
is no significant response to flowering by Coleoptera at female trees 
or Hymenoptera at either male or female trees. In 1983, only one 
collection was made after 15 days of flowering. Except for Coleoptera 
·at the male trees, Diptera are the most abund~nt group at all trees. 
7.3.5. Pollen densities trapped at male and female trees . 
7.3.5.i. Diospyros pentamera 
Figure 7-7 illustrates the mean pollen density captured at male 
and female trees using total insect densities multiplied by the 
average number of grains pet insect. Pollen density peaks in periods 
5 and 6 in male trees and periods 11 and 12 in female trees. Pollen 
capture at female trees is illustrated by a general increase to a 
. 
maximum followed~y a decline. The pattern of pollen capture at.male 
trees shows a series of increases and decreases, possibly because 
individual male trees exhibit different flower, and hence pollen, 
production peaks (Table 7-8). Total pollen peaks occur in the middle 
of the male flowering peak but' towards the end of female flowering, 
during a ~ulmination in flower loss. Respective peaks in insect 
' densities (Fig. 7-4). occur two c-ollections later than the pollen 
peaks for male and fe.male groups, indicating that insects are carrying 
more pollen during periods· of greater availability at male trees • 
This is s9own in Fig. 7-7 where the number o~ grains per insect also 
peaks. in . periods 5, 6 ~nd 11 for male trees. T}le ·larg~st quantit.ies 
of pollen -are reaching female trees after th~ -supposed. pollination 
peak, indi~ated by the c9rolla-drop discuss~d in ~hapter 5. 
In chapter 5, pollination efficiencies were estimated- for 
individual females based on corolla :whole flower -ratios.. It was 
predict~ that\ trees 12 and 13 had high, 45 and 17 medium and ;34, 4 
and 28 low pollination rates relative to the availability of.flowers. 
Total poll~n catches presented here do not coincide with these 
~ 
estimates. However, large pollen catches' were made within the period 
of maximum corolla -tlrop. in trees." 35 and 12 (Table 7-9), indicating 
that pollen ~upply coincided with flowei;- productio'n 
In the other females, only approximately half of the 
arrived during the period of great.est pollinat,ion 
supply is irregular throughout the f)..owering period 
in these 
trapped 
rate and 
(Table 
trees. 
pollen 
pollen 
7-9). 
Slightly asynchronous· flowering between females and their potential 
mates coupled with p~riods of ze'ro pollen _production in males may 
explain irregularities in pollen arrival rates and the ratios of 
fertilised to non-fe"rtilised flowers·.· 
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Table 7-8 D. pentamera: Density of pollen trapted per trap for male trees showing estimated peaks in pollen 
production. 
Collection Tree codes 
6 23 48 27 26 so 51 5 40 42 22 
,; 
-
1 0.6 0.0 o.s 0.0 ' 
* 2 \ 1.00 274.5 0.2 2.4 
/ 
3 o.o 379.7 1.9 1.2 
* 4 0.0 17 .s 3.9 0.6 
5 0.0 1174.6 2.4 1.6 
* * t?i 6 1.1 3169.5 o.s 34.1 
1 0.3 15~.8 107.8 4.6 
* 
? ? ? ? ? 8 1.5 127.6 414.2 8.7 20.3' 419.2' 379.S' 164.8' 2.8 1.9 24.6' 
? ? 
9 1.5 73.8 28.3 2.0 5.4 65.4 29.6 6.6 17 .6. 17.2' 2.6 
. 
4.2 43.4 0.2 1.4 90.6 10 11.2 18.2 7.8 1.6 7.1 1. 7 
r./ 
* * 
? 
11 3.5 691.5 ,17 .8 67.8 12.9 121.2 14.7 3.9 5.6 7.6 21.6. 
* 12 8.9 ~0.8 10.8 22.2 52.0 24.0 0.4 6.7 1.6 2.9 3.6 
* ? ? 13 27.1 109.9 11.9 2.4 9 .1 57.9 9.0 160 • .3' 10.5 53.1. 2.9 
14 0.7 4.3 1.6 0.2 1.1 5.2 3.7 1.54 0.2 0.2 0.0 
15 0.4 0.2 o.o o.o 0.2 0.6 0.2 0.0 0.4 0.2 0.5 
*estimated' peaks in pollen production 
N II ? possible pea1<s in pollen production w ~ No data available for early flowering period for trees, 26, 50, 51, 5, 40~ 42, 22. N 
.( N 0 
-.·.-, ,.,;:. 
.! ~. ' 
.. 
"f:l 221 
_y ... 'l'. 
Tcible 7-9 D. pentamera: Density of pollen trapped per trap for 
female trees. Tree 17 sampled from collection 8 onwards. 
Verticle bars indicate period of maximum corolla drop. 
' 
Tree codes 
4J .12 13 15 17 28 34 35 45 
0.7 o. 5 0.6 0.0 o.o 0.0 o.o o.o 
2 0.5 3.6 0.3 0.0 o.o o.o o.o ·O.O 
3 o.o 1.4 0.4 o.o 0.0 o.o o.o o.o 
4 1.0 4.7 o.o 0.5 0.3 0.0 0.0 0.1 
5 1. 7 1.5 o.o 0.8 0.8 0.0 0.0 0.4 
6 7.7 1.6 0.4 0.5 o.o 1.8 0.0 4.4 
7 15.3 25.3 0.2 0.3 0.2 0.2 0.0 0 .1 
8 13.3 2.3 2.7 0.4 1.0 o.o 0.7 4.2 0.2 
9 108.8 - 13.4 1.2 0.8 2.0 4.0 1.1 0.1 2.3 
10 3.9 3.0 1.1 o.o 1.5 0.3 0.5 0.2 0.9 
11 6 .1 107.4 1.0 1.1 2.5 0.9 0.8 0.3 5.7 
12 4.2 151.1 5.8 0.7 18.4 1.4 3.3 0.2 1.1 
13 0.4 4.6 19.3 o.o 0.4 0.2 0.8 1.0 1.3 
14 165.8 1.4 o.o o.o o.o 1.9 0.6 0.8 1.3 
15 11. l 0.3 o.o 0.0 2.4 0.2 o.o 8.7 9.7 
% pollen 
trapped in 46.6 87.4 36.4 * 54.2 100 41.4 period of 
maximum corolla 
·' 
drop 
, 
too few flowers produced for corolla counts 
•.: 
* 
data from collection 8 onwards 
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Some pollen reaches female trees all through the flowering period 
but the proportion of pollen moving to female trees increases as male 
trees cease flowering. Coleoptera densities at female tret (Fig. 
7-7) increase during this phase of increase~ pollen capture It is 
suggested that anthophilous Coleoptera concentrate on male t es but 
as more male trees cease flowering an increasing proportion of 
Coleopterans move to femal~ trees. 
7.3.5.ii Neolitsea dealbata 
Total pollen densities were estimated by multiplying the average 
number of grains per insect by the insect densities for all 
experimental male and female trees (Appendix 7-5a). High densities of 
pollen per insect were trapped at male trees during periods 2 and 3, 
falling to very low levels in later periods (Fig~ 7-8). When total 
pollen is estimated for all male trees, pollen densities are higher in 
period 2, corresponding with the early flowering phase. An increasing 
~r of visitors\ dilute the total pollen fi~ures in collec~ion 
period 3. Pollen density figures are also highest in periods 2 and 3. 
There is an increase both in pollen grains per insect and in total 
pollen arriving at female trees in period 3 after which pollen levels 
are low. These figures indicate that the bulk of pollen availability 
and transfer to female trees occurs before collection 4 in the 
experimental trees (Figs. 7-5a, 7-Sb). 
7.3.5.iii Litsea leefeana 
At the third aollection period in 198r, the sampling strategy was 
changed from one of collecting insects alone (to identify potential 
vectors) to one of collecting pollen (for quantification _ of pollen 
transfer). The pollen grai_,ns of this species were sometimes damaged 
during th~ extraction process\ The exine appeared to break open, 
dispersing the cell contents. Samples stained with basic fuchsin 
revealed aggregations of stained material and fragments of exine 
scattered throughout the slide. The grain type may be particularly 
sensitive to the suction pressure applied during extraction. Only 
whole grains could be cdti"nted and some preparations yielded no useful 
results. Consequently, the figures presented in Table 7-10 illustrate 
only orders of magnitude in the pollen counts. 
Relatively high densities of pollen were trapped at male tree 36 
early in the 1982 collection (Table 7-10). For the last two 
collections, pollen densities for male and female trees were similar. 
In 1983 a sihgle male and six female treesJMere sampled for pollen 
over ~~J--..Sampling period of 15 days. Figures for total pollen and 
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Table 7-10 L. leefeana: Average pollen densities 
trapped per trap per day at male and 
female trees in two years. 
Collection 1982 
di I ~ o"I 
nd nd 30.7 
nd nd 
51. 7 nd 
1487.4 nd 
8.4 7.4 
4. 7' 4.2 
nd: no data available; samples spoiled. 
blank: no collection 
1983 
~ 
6.4 
Table 7-11 L. leefeana: 1983 Pollen densities per insect and total 
pollen for one 15 day sample. 
Tree ¥.x 
34 d'I 
07 ~ 
35 ~ 
5.2 ~ 
33 ~ 
3.6 ~ 
HI 1 ~ 
Insect Total 
sample grains 
40 64 
40 37 
32 27 
34 10 
24 9 
40 30 
41 19 
<11 
Pollen/insect/O.Im2 
1.6 
0.9 
0.8 
0.3 
0.4 
0.8 
0.5 
Total pollen 
(p/i x Ti) 
460.8 
201.6 
106.4 
36.6 
54.0 
97.6 
83.5 
Ratio 
If:~ 
2.3:1 
4.3:1 
12.8:1 
8.5:1 
4.1:1 
5.5:1 
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number of grains per insect are higher at the male tree than at any of 
the female trees (Table 7-11). Pollen densities were relatively low 
(even at the male tree) in 1983 where the sample interval covered 15 
days of the flowering period. The poor preservation properties of the 
grains may be responsible for low figures. 
7.3.6. Relative efficiencies of pollinator groups 
The majority of samplings for pollen by insect µOrder were 
performed during the early phase of the flowering period and pollen 
desities were relatively low in all species. After the first few 
sampling intervals, ~he insect Orders were pooled to obtain a single 
count for each trap averaged over many samples. Consequently pollen 
counts for individual insect Orders are not available for all trees on 
all occasions. The pollen loads washed from insect Orders at each 
sampling interval for each tree we~e divided by the number of 
observations (catches) for male, female and all trees. The results 
are expressed as the average number of grains per insect for each 
Order (Table 7-12). To test the reliability of each order as a pollen 
carrier, the proportion of catches that resulted in positive scores 
for pollen is documented for each Order at male and female trees 
(Table 7-13). 
' There was a wide range of pollen loads, and a few Apoidea and 
Diptera species carried extremely large amounts of pollen, although 
they were under-represented as individuals. Separate calculations 
were performed to examine the effect of excluding the heavily-laden 
Apoidea from the data. Apis mellifera contributed the highest density 
of pollen per individual insect; some Hymenoptera (Sphecidae and 
Collet~dae) occasionally carried large quantites Of pollen, and a 
single Dipteran (Sciaridae) was responsible for an unusually high 
pollen yield at a male Neolitsea dealbata. 
7.3.6.i Diospyros pentamera 
Pollen densities are consistently higher af male trees than at 
female trees (Table 7-12). When high frequencies for Hymenoptera are 
included, the highest pollen densities, attributable to a few 
individuals are carried by Hymenoptera at both male and female trees. 
- \ 
When these Blf.gures are omitted; Dipteran and Co1Bopteran loads are 
similar and both are greater than Hymenopteran loads at male trees. 
Pollen loads carried by Coleoptera at female trees are 2-3 times 
greater 
(and·to 
at male 
than either Dipteran o.r Hymenopteran loads. While Diptera 
a lesser extent Coleoptera) collect the most poll~n per insect 
trees, Coleoptera appea~ to convey the largest quantities of 
' ,t·, 
l 
'· 
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pollen to female trees. 
Individual Hym~noptera,' especially ~ative and feral bees and 
wasps, ~ay carry large quantities of pollen to female trees. Despite 
this, they_ epresent a relatively small proportion of the visitor 
fauna. ymenoptera as a group yield a lower proportion of positive 
scores 
1for body pollen than did Coleoptera at female trees (Table 
7-13). Coleoptera and Diptera show similar proportional scores for 
pollen. Coleoptera appear to De more reliable pollen vectors to 
female trees than either Diptera or Hymenoptera. 
7.3.6.ii Neolitsea dealbata 
Results are different for the 1982 and 1983 seasons for this 
species. Pollen densities are higher for all three o~ders at male 
trees than at female trees (Fig. 7-Sb anq Table 7-12). Where 
densities for Apis mellifera are included, Hymenoptera have a higher 
pollen yield per insect than Coleoptera or Diptera in all cases except 
male trees in 1982. 
Without the contribution from Apis mellifera, Dipterans carried 
mo~t pollen at both male and female trees in 1982. The ratios of 
Diptera, Coleoptera or Hymenoptera pollen are relatively high. In 
198~Hymenoptera carried more pollen per insect from Oale trees, but 
Dipt rans carried approximately twice as many grains per insect to 
femal trees as either of· the other orders. Pollen yields at 
non-flowering trees were highest from Hymenoptera, suggesting that 
either they are mo~e mobile as a group, or less specific than Diptera 
and Coleoptera in their direction of movement. Many of the 
Hymenoptera trapped belong to the parasitic family Ichneumoidea and 
-their occurrence may be governed more by the presence of insect hosts 
than of nectar. Coleopteran and Dipteran groups, on the _other hand, 
are~ore specifically associated with nectar and pollen-bearing trees. 
Di pt era 
at both 
vectors 
score positively for pollen more often than the other orders 
male and female trees (Table 7-13) and"so a~e more reliable 
of pollen to female trees. 
7.3.6.iii Lits~a leefeana 
There are few data available for this species but Diptera carried 
more pollen in general and carried more pollen per insect to female 
trees than the other orders (Tables 7-12, 7-13). Pollen densities 
were· greater at male than at female trees for all orders. All three 
orders appear to be very reliable as pollen carriers and Diptera and 
Coleptera are more important than Hymenoptera in conveying pollen to 
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,,__ Tu bl<) 7-12 Amounts of pollen carried QY three insect orders in N. dealbata, D. pr>nt nmf'r11 and i; 
L. leefeana. Pollen densities for individual tre~ are given in Append ix 7-6. ' 
C: Coleoptera: H: Hymenoptera; and D: Dipte a. 
... N. df'n//JntR 
':i ~'' 
Pol !en per insect Pol !en per ingect 
Exluding A. mel l ifern IncluJing A. mell if Prf> i ~ 
\) 
r· . Ex N x S.D. Rutio F.x l N S.D. Rat)o L 
1.-'" l r !<lR2 t: .. : 
1'', d' c 27. 25 14 I ,95 4 .02 D:C.')),9 n.2~ 14 I .95 4 .02 O:C=5J.9 f~ 
~ H o.o 0.0 D:I! 165.0 4 91. 25 122.49 D:ll= I. 2 ·' 
r: D 315.3 3 105.1 75. 73 315.3 105.1 75.73 z, 
I ( 
c 39.) 40 0.98 2.5 D:C= 8.8 19.3 40 0.98 2.5 ll:C=l6. 2 
H 45. 5 17 2.68 4.86 ·. D:H= 3.2 285.5 18 15.86 56.1 ll:D= l .84 
D 181.4 21 8.64 23.84 •!Bl ,4 21 8,64 23.84 
All trees c 66. 55 54 1.23 3.00 D:<Fl6.B 66,55 54 l. 23 3.00 ll:C=24.0 
H 45.S 19 2.39 4.66; D:H= 8.7 650.5 22 29.57 74.70 H:D= 1.4 
D 496. 7 24 20. 70 47.24 496. 7 24 20. 7 47,24 
l'l83 
O' c 40.42 12 3.37 2.90 H:C= 2.9 40.42 12 3.37 2.90 ll:C=28.2 
H,, SB.BO 6 9.BO 10.90 H:D= l.B 951.3 10 95.13 157.7B ll:D=l 7 .2 
D 71. 70 13 5.52 9.66 71. 70 13 5.52 9.66 
c 23.93 15 I.60 1.31 D:C= l.B 23.93 15 1.60 I. 31 H:C=23.B \ 
H 9. 70 1.39 I.Bl D:H= 2.1 41B.2 11 3B.02 B8.23 H:D=l3.2 
D 43.3 15 2.B9 4.7B 43.3 15 2.B9 4.7B 
j ~1 All trees c 64.35 26 2.4B 2.35 H:C= 2. I 64.35 26 2.4A 2.35 H:C=2,6. 3 
{'; H 6B.50 13 5.27 8.38 H:D= I.3 1369.0 21 ~ 126.29 H:D=l5.8 
D 1 rs.a 28 4, 12 7.42 115.0 2B. 4.12 7,42 
'I' 
I: ~· ~ 
.-::,, 
15.0 IB O.B3 0.70 H:C= 4.5 
' 29.8 8 3.73 3.19 
12.3 18 0.6B o. 76 
,, 
;.::, 
1: 
I) 
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Tnble 7-12 (continued) Amounts of pollen carried by three insect orders in N. dralhntR, 
D. pentamera and L. lrrfrRna. Pollen densities for individuol 
trees are given in Appendix 7-6. C: Coleoptera; H: llymenoptera; 
and 0: Oiptera 
b. {). pPntRmer~ 
Pollen per insect Pollen per insf'Ct 
Excluding heavily laden Hymenoptera Including heavily laden llymenopter~ 
Ex N x S.O. Ratio Ex N x S.O. Ratio 
c '107.24 20 5.19 13.15 D:C= 1.6 107 .42 20 5.19 13.15 ll:C= 
7.6 
II fll. 77 21 3.89 8. 71 O:H= 2.3 857.02 21 ~_!_ 168. 73 H:O= 4,6 
0 168:'8 19 8.88 21. 79 81. 77 19 8.8fl 21. 79 
c 26. 20 40 U.65 1.64 C:ll= 2.4 26. 20 40 0.65 1.64 
H:C=l3.1 
H 6.67 25 o. 27 0.61 C:0=1.l 250.24 29 8.63 
39.12 H: 0= 6.1 
D 7.36 35 0.21 0.64 7.36 35 1.42 
0.64 
A 11 trees c 134. 5 60 2.24 7.93 O:C= I. 5 134.5 ,60 
2.24 7 .9.3 H:C= 9.9 
H 88.44 46 ) .92 6.12 0:11= I. 7 1107.26 50 22.15 112.87 H:O= 
6.8 
0 176.16 54 3.26 13.38 176.16 54 3.26 
13. 38 
c. L. Jeefe1ma 
d' 
J 
c 23.8 5 4.76 5.65 O:C~319. l 
H 11. 5 3 3.83 4.47 O:H=396~6 
0 6075.5 4 1518.88 3034. 75 
c 6.J 4 1.63 1.14 O:C= 3.3 
H ~/ 3 0.5 0.44 0:11=10.9 -;-" 
D /0.9 2 5.45 7.57 
)30.3 
( 
All trees c 9 J.37 4 .38 O:C=301.0 . ~ 
H 13.0 6 2 .17- 3.38 0:11=467.5 
I 6086.4 6 ~ 2477 .22 0 
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female trees. However, s~he;e are few data and most catches were 
-positive, the results may be biased towards apparent reliability. 
7.4 Discussion 
7.4.1. Pollinator specificity and efficiency 
Cont:mporary studies in pollination ecology have of ten supported 
the view that rlower morphologies or phenologies have coevolved with 
sultable poll±nat~r types that effect some 'optimum' level of 
fecundity in plants (e.g. Baker~_m3; Frankie, 1975; Gross and 
Werner, 1983). However, those animals for which the flowers are, 
apparently, morphlogically adapted may not necessarily be the most 
efficient pollinators (Whelan and Burbidge, 1980). 
Most po_llen vectors for the three species are. small, 
generalist insects. These findings concur wit the(observations of 
other authors (e.g. Baker, 1973; ~t al., 1976; Lock an~ 
Hall, 1982) on the" ~ollinating fau flowering rainforest 
trees with small, unspecialised flowe introduced species, 
Apis mellifera, and a few individua a ~Diptera were 
I 
specialised in that they carried lar of pollen from a. 
single species, but there is no e an insect taxon foraging 
uniquely at a single tree species· t flowering· period. 
I 
This contrasts with the • tro ical ·ss-flowering shrub; 
Hy janthus prunifolius (Augspurger, 1~81 whic is,. visited by only 
one effective pO'llirfator. !!L_ banthu _·pr ifolius, although a 
mass-flowering species, has zygomorphic flowe s, requiring a specific 
pollinator-flower interaction to -~effect ollen collection and 
deposition. The unspecialiseJ, open str ct re of flowers of 
• 
Neolit'sea dealbata· and Litsea leefeana is co commitant with a wide 
variety of potential pollen vectors having densi -dependent foraging 
behaviour. Although less prolific flowerers, 9iospyros pentamera 
trees produce flowers synchronously -~ver a time span and 
numerous, smFll flowers are usually present on Again, the 
flowers a.re ac.-tinomorphic and unsp~alised, 'a 
of insects~ the majority of which carry po 
trees. 
', 
to a ' variety 
male to female' 
Observations at Neolitsea dealbata trGes that the 
introduced honey bee, Apis mellifera, often / flowers in 
large numbers, although it was only infrequently caug on ._ __ _ 
traps: Hopper (1980) reports that in the no~th Queensland ra n orest, 
Apis mellifera was the the most common flower visitor 'to the 
mass-flowerer Syzygium.tierneyanum, although n?t ·nec~ssarily the most 
( 
. I 
~ 
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( 
• i 
) 
U'- '-&~&.-- ••·--.-- -··- -··---- ---···--- ------. -~-
L)\re also shown. Insect cats-hes for individual trees. 
are given in Appendix 7-4c. 
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efficient pollen vector. The flow~rs of Syzygium tierneyanum are 
,relative to those of Neolitsea dealbata, and large (c. l.Ocm diam.) 
the larger bird and Lepidopteran fauna made more inter-flower 
more likely to contact both the anthers and the movements and were 
stigmas ~han Apis mellifera. 
Individual honey bees apparently specialise in th~ir day to day 
activity (Free, 1970) so a single bee will be foraging either for ~ 
nectar or poll~n and ttectar (pers. obs.). As a consequence honey 
bees with full @orbiculae were observed at·male trees tfut rarely at 
female trees, suggesting that foraging may be restricted to a single 
tr"ee or tree sex, so reducing t\e chances of pollen transport between 
trees. In this respect the feral honey bee, although an efficient 
pollen collector, may not reliably ~r:.ansport pollen between male and 
female trees. On the other hand, ·a honey bee ,carrying pollen is 
potentially efficfent in executing poll~nations if it does alight on a 
female Neolitseafdealba.ta tree. Havh1g moved from a male to a female 
tree, 
hairy 
the 
bee's 
a bee 
abdomen 
bee is 
ventral 
would carry enough pollen on the ventral surface of its 
to' effect a number of successful pollinations.·. Because 
large and the inflores?cences 
0
are arranged in a dome, the 
/' ,,. ' 
simultaneously. Visits ~a; owe rs of Diospyro pen tamera are 
surface wou1 ' !J!ct several ;;sed stigmas 
unlikely to result in as many !3uc·cessful pollinatio because the 
single flowers -are arranged on the lower surfaces of twigs so bees 
would need to be inverted and onJy jartially in contact with. the 
corolla mouth to obtain nectar. 4 
Apis mellifera was rarely seen duri11.~. the wetter months o,f the 
year and was not trapped during the ~ leefeana flowering period 
between Januar>: and March. The s~cies became more noticea-bl'y 
abundant and/or active during the drier months and nests of feral 
honey bees were located in tree hollows at both the Wongabel and 
Halloran's. Hill sites. In addition, a few commercial hives were 
situated O.Skm.from the Wongabel site in 1983. 
~ 
Native bees (Trigona sp.) were ofteq observed visiting flowers of 
edge species suth as Mallotus philippensis, but rarely ~ught at the 
experimental trees. These species may forage specificall for drier 
pollen. How~ver, in northern Australia trigonids visit mango 
(Mangifera indica) trees mainly for nectar, eftecting pollen transfer 
between trees (Anderson et al., 1982). Trigonid. species may ha've been 
displaced by the presence of larger, more aggressive ~ees, especially 
Apis mellifera at th€ study trees. 
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The honey bee was the 
pollen. The hover-flies 
!:..__ mellifera, may have 
largest flower visitor found to 
(Syrphidae), although 'smaller 
similar ~lfnatory role a 
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carry 
than 
in 
Neolitsea dealbata populations. Large, hairy D~pterans ~re likely to 
transfer the greatest quantities of pollen per visit to female flowers 
of Neolitsea dealbata. Excluding the f~w individual Hymenopterans 
that carried disproportionately large quantities of pollen,f'l5f~tera 
and Hymenoptera carry most Neo'litsea dealbata.pollen, Dipterans carry 
most Litsea leefeana pollen, ~nd Coleoptera and Diptera carry most 
Diospyros pentamera pollen. 
The colour and morphology of Ne6litsea dealbata and 
Li tsea leefeana flowers .suggest that they are 'fly:-pollinated', as 
discussed in chapter 5. 6n the other hand, the vast quantities of 
flowers produced by . these species serve to attract a large array of 
·potential vectors, the majority of which carry ~ome poll~n. Despite 
this, Diptera are shown td convey pollen from male to female trees 
more regularly than the other insect taxa. Diptera may be more mobile 
as.a group and they are certainly more abundant than other taxa during 
the flowering per\od. 
The suitability of Diospy·r-.Qs pentamera flowers for beetle 
pollination was discussed in chapter s: The small flowers are 
attractive to a large array of potential pollen vectors, but 
Coleoptera, although less numerous than other groups, especially 
Di pt era, are.·more efficient at ..,transferring pollen between trees. 
Thien (1980) reported that although beetles comprised a small 
percentage of the insect .. -1l.,isitors to Drimys granadensis var. 
mexicana, th~y carried larger ~len loads than the other vectors. In 
this study, ~he regularity of i~~er-tree movement by beetles (r~ther 
than pollen 1 load) that makes Coleoptera the most efficient vector 
group for Dio~pyros pentamera. 
I 
7 .4 .2 .·'--riisect ~~.pollen abundance 
The insect and pollen sampling interval for Neolitsea dealbata 
and Litsea leefeana was too long to register more than a general 
response of pollinators to flowering, whereas a more detailed picture 
was available for Diospyros pentamera. As a result, ? lag in insect 
response to flowering was observed in Diospyros pentamera but not in 
Neolitsea ~ealbata or Litsea leefeana (Fig. 7-3). Although t~e data 
are scant~for Litsea leefeana, pollinator response and pollen density 
patterns are probably similar to those for Neolitsea dealbata. In all 
species both pollen and insect densities increase with an increase in 
flower production throughout the flowering period, but any specific 
. ) 
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.. 
' . 
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responses of insect taxa to flowering.was masked by averaging the data 
for the male. and female sub~populations. Differences in flowering 
peaks between mal~iospyros pentamera are, however, reflected in the 
insect response and detailed cross correlations between insect and 
pollen abundance and the flowering performance of male trees might 
illustrate this relationship. 
r 
Mass .flowering in Neolitsea dealbata and Litse~ leefeana attracts 
a wide variety of visitors and a large proportion of po!len is 
mobilised during most of the flowering period. The steep drop in 
pollen abu~dance after period 3 in Neolitsea dealbata suggests that 
flowering ceases well before the major loss of spent male Jlowers is 
recorded, confirming the indication in chapter 5 that there is a delay 
of several days between anthesis and flower drop. As a group, 
Coleoptera are known to be anthophilous and might be ~xpected to 
restrict their flower visits to male trees. Indeed there is a marKed 
response of beetles to flower production in male trees in 
Diospyros pentamera and Neolitsea dealbata although they carry less 
pollen per insect than Diptera or some Hymenoptera. 
7.4.3 Transfer of pollen from male to female tree1\. 
There is a noticeable shift in pollen density from male to female 
Diospyros pentamera trees towards the end of the flowering phase and 
this is reflected by an increase in beetle vis{tors to female trees. 
Goleoptera were the most reliable carriers of pollen to female trees 
and they are probabaly responsible for pore pollinations than other 
taxa. The increase in Coleoptera and pollen density at female trees 
occurs after the apparent flowering peak, indicating that Coleoptera. 
are slow to respond to flowering. However, pollen is being carried to 
-.....> 
female trees continuously throughout the flowering season and ·it is 
apparent that a more marked shift to female trees occurs when the 
majority of male trees have ceased flowering. The bimodal flq,_wering 
( 
peak observed in some male trees (chapter 5, Fig. 5-8) may force 
~ Coleoptera to seek other pollen sources, increasing the chances of 
their arriving at female trees. Early in the flowering period the 
greatest number of in~-tree ~ovements are between males whilst 
later, ~s ,more males cease flowering, the majority of movements are 
between male and female trees, transferring larger quantities of 
pollen to female trees. Male trees flowering out of synchrony with 
male neighbours thus have a greater chance of transferring pollen to 
female trees than those in which flowering overlaps with male 
neighbours. Indisc~iminate flo~er visiting 
responsible fbr the majority of pollinations. 
is likely to be 
0 
* C'-• z 
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The 1 apparent efficiency ~of Dipterans as pollen vectdrs of 
Litsea leefeana a·nd N l.t d lb ) 
eo 1 sea ea ata may be related to (the~r 
abundance as well as their attraction to the yellow-green, sc'e.nted 
flowers bearing copious amounts of nectar. The fact that Diptera~s 
are more abundant than any other taxon at all species, even at 
non-flowering trees, implies that they are ubiquitous and relatively 
mobile. The majority of Diptera are likely to be seeking nectar which 
both male and female trees Sl,,l.pply in arrundance. Individual flower 
longevity is short and flowers tend to be at different stages of 
anthesis on any one branch at 
pollinators are being forced to 
of nectar flow (Appanah, 1980). 
any one time, so it is improbable that 
move between trees due to a cessation 
The number of pollinators visiting a plant should be proportional 
to the number of flowers borne by the plant (Levin and Anderson, 
1970). Baker (1973) hypothesised that vectors of mass-flowering 
plants are density-dependent, i.e. they respond proportionately to 
flower density. Augspurger (1981) suggested that insects respond, to 
three levels of flower density in Hy..__;banthus prunifolius: the 
mass-flowering of an individual plant, the high degree of population 
synchrony, \and the high population density. Neolitsea dealbata and 
Litsea leefeaaa are larger trees but the same responses of insects to 
flower density may have been important in the evolution of a 
mass-flowering, highly synchronous flowering strategy in these 
species. The relationships of population density with synchronous 
flowering and breeding succ·ess are discussed in chapters 8 and 9. 
A shift of pollen to female trees similar to that observed in 
Diospyros pentamera is seen,in Neolitsea de~lbata. Tije pollen peak at 
female trees lags behind that·at male trees by approximately one week 
only, in contrast with Diospyr6s pen'tamera, where the lag is 34 days 
long. Again this lag implies that the cause of the shift is cessation 
in male anthesis as the flowering perioc;l progresses and a larger 
proportion of insects with large pollen loads move to female.trees. 
~ 
Effective pollination in insect-pollinated, dioecious, and indeed 
all xenogamous trees, is only possible if there is firstly some 
incentive for vectors to leave a floral resource and secondly to 
forage at another, compatible neighbour. Heinrich and Raven (1972) 
stated that a balance must exist between the energy expended by 
foragers and the reward offered by flowers if cross-pollination is to 
be maximised. Optimfsing pollinator movement between t~ees can be 
achieved. by regulating the number of fl~wers per plant, the rate and 
duration of nectar flow and nectar composition (Schemske, 1980). 
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The three species of tr~e considered here exhibit two contrasting 
flowering strategies, namely: a gradual production of (eventually) 
large numbers of flowers over a long period (Diospyros pentamera); 
and a highly synchronous mass-produc~ion of flowers over a short 
period (Neolitsea dealbata and Litsea leefeana). It is suggested that 
mechanisms in operation to encourage the movement of vectors away from 
a flowering tree are different in the two types. 
\ 
Feinsinger (1983) suggested that differential nectar production 
between flowers of the tropical herb Heliconia psittacorum might be an 
adaptive mechanism encouraging pollinators to move frequently between 
flowers. Similarly, Appanah ( 1982) " demonstrated a diurnal, 
asynchronous 
hermaphrodite 
between them. 
Caricaceae. 
pattern of nectar production between male and 
trees which appears to induce pollinator movement 
An alternative strategy is seen ~n members of the 
In Carica papaya (Baker, 1976) and Jaccaratia dolichaula 
(Bawa, 1980b) nectarless, female flowers appear to mimic male flowers 
to the extent that sphingid moths habitually move between males and 
females, effe~ting pollination. Perry and Starrett (1980) report 
slightly ag~chronous blooming among individuals of the canopy 
emergent Dipteryx panamensis which they suggested encourages 
inter-tree searchirug movements by opportunistic bee pollinators. 
Some male Diospyros pentamera trees exhibit periods of reduced 
flower production (chapter 5). While this periodically may encourage 
pollinators to move between trees, there are no data available which 
suggest that daily patterns of nectar production influence the 
movements of pollinators. Pollinator movement between 
Diospyros pentamera trees may be enhanced by the gradual production of 
flowers, coupled with the temporary cessation of anthesis in at least 
some male tree in an otherwise synchronously flowering population. 
\, 
A different' explanation is required foT pollinator movement 
between highly· synchronous, mass-flowering trees of Neolitsea dealbata 
and Litsea leefeana since the majority of pollinator movements are 
within single crowns (e.g. Levin et al., 1971). Frankie tl976) and 
Frankie et al. (1976) suggested ~hat territoriality-related 
aggression, group foraging and other aggressive interactions between 
solitary bees may lead to displacement of individuals from one 
flowering source to another. Bees defending territories disturb 
intruders sufficiently to cause them to move to another ~rea of crown 
or away f~om the tree completely (Frankie, 1976). Displacement of 
pollinators ~hrough territorial behaviour and its consequences on 
pollen disp~sal has been discussed for humming-birds (Linhart, 1973; 
Stiles, 1975); honeyeaters (Hopper, 1980); bats (Heithaus et al., 
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1975); beetles (Rausber and Fowler, 1979); butterflies (Gilbert, 
1975); and bees (Appanah, 1980). 
Group-foraging aggregations in species of anthophorid bees 
(Frankie and Baker, 1974) m~y disturb solitary bees sufficiently to 
cause them to move away from the tree. Other aggressive interactions 
between insects are suggested by Frankie (1976) to cause the spatial 
displacement of more sensitive species. Territorial or .other 
aggressive behaviour patterns were not observed on either 
Neolitsea dealbata or Litsea leefeana. Intense territorial . defense 
exhibited b¥ the beetle Chauliognathus distinguendus "occurred on 
inflorescences of Coccoloba floribunda on which only a few flowers are 
in anthesis at any one time (Rausher and Fowler, 1979). Presumeably, 
since floral rewards are in abundant supply in Neolitsea dealbata and 
Litsea leefeana crowns, defensive behaviour of this sort is not 
necessary for insects to gain adequate supplies of nectar and pollen. 
Hopper (1980) suggested that mass-flowering in Syzygium tierneyanum 
reduces the need for territorial defense of a nectar source. 
Observations on insect movements at Neolitsea dealbata suggest that 
the activity of honey bees may interfere locally with other insect 
visitors. Similarly, the presence of insectiverous birds at flowering 
trees was seen occasiona~ly t; disturb vectors (see Gentry, 1978). 
In orchards, most pollinations occur when the bee population is 
high dnd resources depleted (Free, 1966). The 
'conditioning-depletion' hypothesis proposed by Heinrich (1975) 
suggested that resources in tropical, mass-flowering trees may be 
depleted quickly by a large number of insect visitors, some of 'efhich 
(the true pollinators) are forced to move on to other flowering 
conspacifics. This hypothesis, coupled with aggressive· interactions 
between flower visitors, may explain inter-tree movements by 
pollinators in Neolitsea dealbata, L~tsea leefeana, and 
Diospyros pentamera. 
Observations that pollinators are forced to move away from a 
flowering tree through physical aggression or because floral resources 
are diminished do not mean that the vectors move to other, flowering 
conspecifics. They merely suggest that there is potential for the 
inter-tree transport of pollen. There is no evidence in the three 
species under investigation of traplining behaviour, as. a means of 
securing sporadic supplies of a rare floral resource (see Janzen, 
1971; Baker, 1973; Heithaus et al., 1975 and Ackerman et al., 1982). 
Traplining has been associated with species with an extended flowering 
pattern (Janzen, 1971). It may also be related to relatively large 
inter-tree distances ·since Janzen (1974) suggested that as food 
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density increases, the traptining behaviour of female Euglossine bees 
ceases. 
There have been a 
pollinators within and 
few observations on 
between individuals 
the 
of 
movements of 
tropical plant 
populations (Linhart, 1973; Linhart and 
et al., 1976; Waser and Price, 1982; 
Mendenhall, 1977; 
Bawa et a\4-., 1983). 
other hand, several studies have been made of the dispersal 
Frankie 
On the 
patterns 
of pollen via insects in crops (see summary in Levin and Kerster, 
1974) and orchard trees (e.g. Free, 1960). 
Webb and Bawa (1983) found that at least half the inter-flower 
movements of the Lepidopteran pollinator of the herb Cnidoscorus urens 
were between plants, rather than w~thin plants. Furthermore, several 
movements occurred between non-adjacent plants. In this study the 
planws were herbs, closely spaced and the pollinator relatively 
immobile. The results of an experiment outlined in chapter 8, suggest 
that the incidences of pollen movement between flowering 
Neolitsea dealbata conspecifics is greater than between flowering and 
non-flowering trees in neighbourhoods with"'<l..Ji.jgh male density. In 
areas of low local male density, there 1'\ no significant difference in 
frequencies of pollen arriving at female and non-flowering trees. The 
spacin~ of · components of' the local population clearly influences 
patte~s of pollen transfer between trees and this aspect of 
pollination efficienly is discussed in chapter 8. 
It is apparent that a marked shift of. insect abundance from male 
to female trees occurs in a'll three experimental species towards the 
end of the population flowering P,eriod; a trend complemented by 
increases irt pollen densiti~s at female trees of Diospyros pentamera 
at least. Stephenson (1982) documented pollination i~ flowers during 
the initial (few. flowers open), middle (many flowers open), and final 
(few flowers open) phases of flowering of an individual 
Catalpa speciosa. He demonstrated 
during the final phase of flowering. 
that most outcrossing occurred 
Whereas the peak period of 
flowering attracts and rewards the pollinator fauna, the subsequent 
eduction in flower numbers induces more inter-tree movements. This 
supported indirectly by the shift in insect abundance from male to 
trees towards the end of the flowering phase in 
\, Neolitsea dealbata, Litsea leefeana, and Diospyros pentamera. 'fhe 
~ apparently longer flowering in fem?les, highly synchronous 
' '\mass-flowering, a large array of density-dependent pollinators and 
small inter- tree distances are discussed as mechanisms contributing 
co pollen flow in the populations of at least Neolitsea dealbata and 
Litsea leefeana in chapter 8. Inter-tree pollen flow in Diospyros 
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pentamera may be enhanced by the more gradual production of flowers, a 
temporary cessation of anthesis in male trees and a longer flowering 
period. 
7.5 Summary 
1. The use of sticky traps is an efficient method for trapping insect 
d pollinators at a large number of trees. 
"{ 
,, 
". 
" 
2. A variety of insects carry the pollen of the three tree species. 
3. 
Vectors are generally small and belong to the families Diptera, 
Coleoptera and Hymenoptera . 
The vectors are generalist in that the¥ carry 
types. Only two, infrequent, pollinators, 
mellifera a~d a species of Collettidae, carried 
of a single ~ollen typer 
several pollen 
the feral Apis 
large qu~ntities 
I 
4. More insec~s were trapped at flowering trees than at non-flowering 
' trees and more insects visited male trees than female trees. 
Dipterans were the most common• insects at all trees. 
5. More pollen was trapped at male trees than at fema1e trees. The 
highest pollen densities trapped at female trees occurred after 
the peak in pollen production at male trees. 
6. 
7. 
Diptera carried 
Neolitsea dealbata 
most 
and 
pollen· between male and female 
• 
Litsea leef~ana while Coleoptera carried 
most pollen between male and female Diospyros pentamera. 
Temporary cessation in flow~r maturation in some~ 
Diospyros pentamera males probably encourages vector movement from 
male to female trees. In Litsea lee!eana and Neolitsea dealbata 
.highly synchronous• mass flowering may encoura¥e inter..:.tree 
movements through disturbance and reward depletion towards the end 
of flowering. 
The ·ways in which densities of pollen arriving at female trees are 
related to fecundities and male spatial pattern will be discussed in 
the next chapter. 
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CHAPTER 8 
RELATIONSHIPS BETWEEN FECUNDITY, POLLEN CAPTURE ~D DISTRIBUTIONS 
OF MALE TREES 
8.1 Influences of male distributions on pollen transport and female 
fecundities 
~The spatial pattern of conspecific 
potel!1_tially influence female fecundities by 
quality of pollen reaching female flower crops. 
dioecious trees can 
limiting the amount and 
Fecundiuy is related 
to flowering propensity in Diospyros pentamera but not so conclusively 
in Neolitsea dealbata or Litsea leefeana (chapter 6). The 'optimum' 
density of fruit set is th~t number for which the plant has resources 
to mature. A wide range of natural fecundities was observed in the 
experimental populations and seed maturation may ultimately be related 
to intrinsic physiological or environmental factors. Superimposen on 
these processes are the factors which limit the quantity of pollen 
that reaches a female crown. ~ 
In dioecious species all incoming pollen is potentially 
compatibl: and the proportion of flowers that ~are P<;>llinated is 
directly relate~ to the.density of pollen arriving. If the density, of 
• I 
pollen received is sufficie-nt to pollinate all or most of the flowers, 
the final seed/set will be determined by resou~ce-related factors. 
Pollen becomes limiting when the female flower crop receives 
insufficient c~filpatible pollen to set an optimum number of seeds. 
Since pollen is mediated through a generalist and n~t specia~ist 
insect fauna in the three species (chapter 7) pollen is probably 
transferred more quickly to females close to a pollen source than 
those further away. Additionally, as flowering continues, a greater 
~sity of pollen will reach female trees closer to male trees than 
~ thci'Se that are relatively isolated from their pollen sources. Any 
effects of pollen limitation should become apparent as the disxances 
between pollen source and target increases. The size of the pollen 
pool available to a female flower crop is related to the number of 
m~le trees within.'pollinator reach' and the sizes of these accessible 
male flower crops. The available pollen pool is therefore determi~d 
by the following factors: 
1. Distance to the nearest pollen source. This 
time available and vector movements, i.e. 
pollen moves from male to female trees and 
., 
is related to the. 
the rate at which 
the directness of 
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pollen transfer between male and female. Correlations between 
fecundity and distance to the nearest pollen source are performed 
to test this. 
Size of the nearest available pollen source. A large_ but more 
distant ma\he tree ·may contribute more pollen than a closer but 
smaller one. Correlations between fecundity and distance to the 
nearest 'large' pollen source are performed. 
3. Density of the local pollen pool. The density of pollen sources 
within a female's local neighbourhood determines the variety of 
pollen genotypes as well as the quantity of grains available to 
the female flower crop. A meaningful measure of male density is 
required to test a correlation between fecundity and pattern. If 
density effects operate over sm~ll distances between males and 
{emales, relationships between pattern and fecundity may be masked 
if too large a ·sample of .males (i.e. wit&in an arbitrarily 
defined radius) is used. In order to discover the .smallest 
distance over which density-dependant controls on fecundity 
operate, fecundities could be successively correlat~d with the 
average distance to the nearest two, three, four etc. males. An 
expression of male density that proved useful for this purposel~as 
the average distance to the nearest ten males in 
Neolitsea dealbata and, Diospyros pentamera and the average 
distance to the nearest three males in Litsea leefeana. 
Hereafter, this measure of av~rage distance to the nearest x males 
will be referred to as the local male density. 
Sub~popul.ations with a high male:female ratio will favo.ur; female 
breeding success since any male to female movement will transfer 
compatible pollen while male to male flights will lead to a dilution 
of an individual male's pollen in the mobile pollen pool. In an area 
with a low male:female ratio, the pollen. su_pply becomes diluted at 
every female-female movement of vectors and so the competition between 
females increases although the chances of male-female movements are 
high. Intra-sexual competitioQ therefore reaches a minimum for both 
male and female plants when the sex ratio of a breeding population is 
1: 1.. 
Without marking and following pollinators, the exact extent of a 
breeding population cannot be determined; th~refore, a male:female 
ratio for a breeding sub-population cannot be calculated. Instead, it 
is assumed that mating occurs firstly between near neighbours and 
secondly between more remote neighbours. This assumption is tested 
J 
r I 
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while investigating the ·nature of the relatio~hips between tree 
spacing and fecundity in the three experimental sp~ies. 
trees increases as the Since the relative density of 
denstiy of male trees decreases, 
<I 
female 
the efects of only one of these 
parameters in pollen transport and fecundity is required. 
In this chapter the aim is .to examine the measurable effects of 
male spatial pattern upon pollen t~ansfer 'and female fecundity. The 
chapter is divided into two parts. In part 1 (section 8.2) 
correlations are sought between fecundities of female trees and the 
estimated pollen density that they received; fecundities and the 
distance to the nearest pollen source; fecundities and the distance 
to the nearest large pollen source; fecunditie& and the local male 
. ' *· 
density; pollen. capture at female trees and the same measures of male 
pattern. The extent to which fruit,set is determined by the density 
of pollen reaching female trees and the·local density of male trees is 
determined. Male flower production was shown to be positively 
correlated with girth size in male Neolitsea d~albata in chapter 6 and 
a minimum d.b.h. of 10.0cm was chosen to represent 'large' male trees 
in this species. A description of the male neighbourhood pattern is 
obtained for female trees by c~lculating RDF values (Chapter 4) of 
male trees. RDF plots are generated for groups of females with high 
or low fecundities. Comparisons of these plots yield information 
about the nature of male pattern in relation to females which set 
different densities of fruit. 
In Part 2 (section 8.3) the effect-s ·of male pattern on the 
process of pollen dispersal is discussed with reference to two 
experiments designed to determine: i) the rate of pollen transfer 
throughout the population and 2) the directness of pollen dispersal 
from male trees ro female trees. 
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Part 1 
8.2 Pattern of male trees and pollen capture and fecundities of of 
female trees. 
8.2.1 Methods 
Indicators of fecundity used in this section are fruits per 
flower and fruits per meristem for Neolitsea dealbata; fruits ~er 
meristem for Litsea leefeana a..nd fruits per flower and fruits per unit 
area of reproductive branch for Diospyros pentamera, as described in 
chapter 6. Three measurements of male pattern relative to the 
experimental female trees were used: the distance to the nearest male 
tree (pollen source), the distance to the nearest male tree with a 
d.b.h. of lOcm or more, and the average distance to the nearest ten 
(for Neolitsea dealbata and Diospyros pentamera ) or three (for Litsea 
leefeana ) male trees, hereafter referred to as ·1ocal male density". 
The distances were measured to the nearest O.Sm from large-scale maps 
prepared for each experimental population (chapter 4)• The distances 
were taken to the centce of each poigt representing a tree bole; the 
width of the crown was not takefr· into account. Female to male 
. 
distance measurements are given in Appendix 8-1. Insects were trapped 
and pollen retrieved in the manner described in chapter 7 and the d~ta 
\.~resented in that chapter.are.utilised in this section. 
~ Pearson's corr~lation coefficients were determined for female 
I 
fecundities and dist~nce to the 0 nearest p~llen source, distance to the 
nearest large pollen sou!-"ce,,l'oca~ male density and pollen densities 
arriving at those trees; pollen densities and measurements of local 
- l •, 
male density. For Neoli tsea, "the effects ,'of distance from a pollen 
source on fecundfties was comp~red between small (d.b.h. <.9.0cm) and 
large (d. b. h. > 9 .• 0cm) female trees. 
To examine the male pattern of trees around females with high 
fruit set and t.hose with low. fruit set, RDFs of male trees in relation 
to female trees were calculated for Neolitsea dealbata and Diospyros 
pentamera. The female population of Litsea leefeana was too small for 
the data to be usefully trea·ted in this way. Female trees of 
Neolitsea dealbata and Diospyros pentamera were divid~d into groups of 
higµ a~d low fecundity. Since· a biologically meaningful threshold of 
low fecundity is unknown, an arbitrary classification was applied -on 
the basis that the two groups should contain similar numbers of trees, 
or where there was an obvious difference in two fecundity .groups. RDF 
analyses of male pattern-were performed for each fe~ndity group. 
Additional RDFs for patteFn in adult flowering and·all trees were 
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( 
performed for Neolitsea dealbata female groups. Some female Neolitsea 
dealbata trees 
the marped .area 
with the lowest measured fecundities did not occur in 
and ~ere excluded from the analyses. 
8.2.2 Relationships between male pattern, pop en density and 
fecundity in Neolitsea dealbata 
. 
Few of the tested variables of pollen, fee ndity and spatial 
pattern are significan-tly correlate~ using untr nsformed data (Table 
8-1). Many of the relationships improve a logarithmic 
suggests that the 
changes in the 
dependent variable 
va.fues in the 
transformation of the independent variable'. Tfiis 
dependent variabl.e, fecundity, is related to 
independent variable, distance, and values for the 
are more significantly correlat~d -¥ith extreme 
independent variable. The correlations often improve still further 
when both variables are transformed (Appendix 8-2). 
To test for significant correlations between fruit set and other 
variables two measures of fecundity were utilised for each year's 
data. For 1982, fruit per flower ratios l'.tve better correlations with 
local male density than fruit per shoot ratios. Similarl~, f?r 1983,. 
fruit per miriste.m ratios give higher correlations than fruit per 
shoot ratios. Fruits per flower and fruits ~er meristem ratios are 
considered more accurate measures of fecundity than fruits per shoot 
because they reflect an estimate of the potential re~oductive 
capacity of the tree. 
/ 4 
8.2.2.i P6fle~sity as a function of male distribution 
Total pollen and pollen per insect were significantly negatively 
correlated with local male density in 1983 but not in 1982, (Fig. 8-1, 
Table 8-1). In 1983 the data were,., collected over one week only, 
covering the initial part of the flowering period when pollen mov~ment 
is most likely to be restricted by distance from its source. The 1982 
co+lection covered the whole flowering including a substantial period 
after flowering when pollen may still have been in circulation. 
Total pollen arriving at female trees decreases with increasing 
distance from the nearest pollen source, the nearest l~rge pollen 
source or the nearest 10 sources of pollen (Figs. 8-1, 8-2). 
Distance to the nearest large male tree is slightly more significantly 
correlated with pollen catch than the diskance to the nearest male 
tree. Pollen arrival at female tree~ seems little affected by local 
male pattern wh.en th·e average distance to the nearest 10 male trees is 
less than 12m. The distance ftom t1r' nearest male (d.b.h. > 10.0cm) 
) 
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Table 8-1 N. dealbata: Significant correlations between fecundity, 
pollen or. insect density and local male density in female 
trees. ~Valu~s fo~· 1 bles and probabilities for all 
correlations in App dices 8-1 and 8-2 respectively). 
\. 
Dependent variab'e Independent variable n r 
Fruii:flower 19~2 
Frult:flower'l982 
Fruit:flower 1982 
Fruit:flower 1982 
Fruit:meristem 1983 
Fruit:meristem 1983 
Fruit:meristem 1983 
Fruit:m~ristem 1983 
Fruit:meristem 1983 
Fruit:shoot 1983 
Pollen/O.lm2 1983 
. 2 
Pollen/O.lm 1983 
Pollen/O.lm2 1983 
P6llen/insect 19~3 
Pollen/insect 1983 .. 
Pollen/inse.ct 1983 
distance (m) to nearest 29 
male 
distance (m) to nearest 29 
male >10.et-m 
mean distance to 10 • 29 
nearest males 
Total insects/O. lm2 10 
" 
distance to nearest ma~e 25 
distance to nearest male 25 
>10.0cm 
mean distance to nearest 25 
10 males 
. 2 
Total pollen/O.lm 12 
Total insects/O.lm2 11 
Fruit:shoot 1982' 24 
distance to nearest male 12 
distance to nearest ·male 
>10.0cm ( 
12 
mean distance to 10 'males 12 
-0.406 
-0.56 
0.702 
-0.44 
-0.43 
-0.54 
0.59 
0.70 
0.61 
-0.59 
-0.64 
-0.6i 
distance to bearest·male , 1Z -0.60 
distance to nearest male ~0.60 
>10.0cn? 
mean distance to 10 males 12 -0.67 
b Log transformation of independen~ variable • 
'~ / 
I 
p 
0.03 b 
-0.002 b 
0.03 b 
0.033.b 
0,005 b 
0.044 b 
0.017 
0".002 
0.042 b 
0.026 b 
0.018'b 
.0.041 b 
ct. 041" b 
0.018 b 
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at which pollen density is reduced is also 12m. ·The local density of 
male trees is more important than the distance to the nearest male 
tree in determining the density of ·ypollen arri v:ing at female trees 
during the ~irst week of the flowering period (1983 data) . 
• 9 
•._/ 
Because the flowering period ls limi~ed ~n this species, female 
trees furthest from male trees receive a substantially smalletpollen 
~ 1 
load than Thos·e cl,oser to pollen• sources. The extent to which pollen 
remains in circulation in the populati?n After anthfrsis· has ceased is 
unknown; pollen data from the· ion'ger 1982 sa~pling pe-riod inriicate 
that total pollen densities at females increase.with time in a way 
that is not directly related to d1stance from the pollen sources. The 
effects of) m~le spatial arrangement on the den~itiei of pollen 
arriving at female trees early in ~he flowering period is de~onstrated 
• ' \'.I 
in section 8.3. After 4 day,s of flowering, the proportion of flowers 
containing pollen tubes ~t 9 female ~rees decreases exponentially with 
increasing distance from the local pollen sources. It is· concluded 
that the rate of pollen arrival at Neolitsea dealbata female trees is 
limi t.~d by distan'ce to the local so1.,1rces of pollen over the initial . 
flowering period at least. 
8.2.2.ii Fecundity as a function of~le distrib~tion · 
In· 1982, fecundity levels were more significantly correlated wi.th 
the distance to the nearest l~rge male, tree 'tha~11wit'h th~ nea,re.st·male 
or with ocal male de~sity. On the other hand, 1983 ~ecundity was 
., 
more sig ificantly correlated with local male density than simple 
linear· di tance to either the / nearest male ·o-r nearest large male 
(Figs. 8-3, 8-4, 8-5, 8-6). Th,e majpri ty of. sample trees were t.he . . 1 
same in both years and these had s'imilar relative f'fi!cu~.di ties ~n . ea:h ~.· . 
season as shown in F~g. 8-7. A different measure -0f. breeding Su~ /' 
(fruits p-er shoot) w~s used for this comparison because· fru~ts:f1 
and fruits :meristem ratios are not directly comparable.. In., 1982, the 
fecundities of large and small trees wE;!re not rela_ted• to. the 0 distance 
to the nearest male tree (Table 8-2). However~ fecundities of both 
large and 'small trees ~fe significantly ~orreiated with· the distapce 
to the nearest large pollen. source and fecundities of small trees are 
related to the local male dertsity. In .1983, the number"!' of fruits per 
meristem of small trees~as corlsistently negat~ve~_Y correlated with 
the distance. to the nes.rest,,fuale, the .nearest t-ari::;e male and the lo~al 
. ~ ·,~ ~ • • ! 
density ·of male trees. Fecundities of large female trees were not 
correiated with any of thes~ parameters (Table 8-2 and Figs- 8-3, 
,8-4). 
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Table 8-2 N. dealbata: Correlations between fecundity and local 
male density in large (d.b.h. ~9.Cbn) and small (d.b.h. <9.0cm) 
female trees. -........;,., 
Fruits:flower 1982 
Female d.b.h. (cm)! ~9.0 <9.0 
Distance to near- n 16 13 
est male (m) r -0.4la,b -0.52a,b 
p 0.11 0.07 
Distance to near- n 16 b 1.3 b 
est male (d.b.h. 4 r -0.57* -0.56* 
>10.0cm) • p 0.02 0.05 
Do!. stance to near- n 16 13 
est 10 males r -0.41 8 'b -0.59!'b 
p 0.11 Q.03 
a ·log tr.ansformation of dependent variable 
b log transformation of independent variable 
* significant at 95% level 
"· 
M 
-
!'... 
Fruits:meristem 1983 
;;:9.0 <9.0 
11 
-0.4la,b 
14 
-0.54!'b 
0.21 0.04 
11 
-0.38a,b 
.14 b 
-0.58!' 
0.25 0.03 
11 
-0.47a,b 
14 
-0.68!'b 
0.14 0.01 
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Whi~e there is a.negative correlation between male pattern and 
fecundity for the whole group of females, the 1983 data suggest that 
fecundity in smaller trees is affected most. This may reflec~ the 
·fact that the most is¢lated _female trees were also relatively small in 
this population but ilthough smaller trees h~ve smaller init;Lal .flower 
crops, fecundity is not affected by tree size or flower density 
(chapter 6). It is suggested that the effect of isolation from a near 
pollen source is further exacerbated by having a r~tively small 
floral resource available to _pollinators. 
Although fecundity in female trees decreases with increases in 
distance from pollen sources, threshold distances can be recognised at 
which distance first begins to be limiting. A threshold effect of 
• 
distance on fecundity is clearer in 1982 than in 1983. The thresholds 
at which fruit set appears to be limited by the distance to a pollen 
source are 6m and 7m to the nearest· male and to the neares~ large male 
respectively in 1982. The average distance to the nearest 10 males at 
which fecundity levels drop away is 12m. Threshold distances for 
fruit reduction are similar for large and small trees in 1982. 
In 1983, there is a threshold distance of 10-12m to the 9earest 
male for sm~ll trees but no obvious threshold for large trees. There 
is a threshold distance of 20m from the nearest large male for small 
trees (Fig. 8-4) and a threshold of an ayerage of 25m from the 
nea_ist 10 males (Fig. 8-6). The effects of distance on' the 
fec~dity of small trees is more clearly seen in the 1983 data 'Whereas 
the results for 1982 indicate threshold distances a~ which fecundity 
levels fall for the female group as a whole . 
.. 
IC 
Al though there is only a minor difference .in the significance of 
correlations between fecundities and the distance to the nearest male. 
and nearest large male, Figs. 8-4 and 8-6 show that two smaller 
female trees ~t un~xpectedly large numbers of fruit. Tree 207 is 
only 6m away from its nearest male neighbour but the pair are 
relatively isolated· '-from the main population and grow i!:..,, an 
Araucaria cunninghamii plantation adjoining the ra.inforest. 'l'hey were 
the only trees flowering in the vicinity and, since there was no other 
competition for pollinators, insect activity was undoubtedly 
concentrated between them. As a consequence, th,e female tree would 
have received a substantial proportion of the available pollen and 
since it pro9uced relatively few flowers, ff large proportion of the 
crop would have'been pollinated. Excluding this~tree, a marked drop 
in fecundity occur,s when the average distance to 10 male trees ts 
greater than 14.0m in 1983 and 7.Sm in 1982. 
. ·, 
< ·, 
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Tree 13 is a small tree on the edge of the forest, only l.2m from 
the nearest male and with a low mean distance to the nearest lU male 
trees. Flowering is prolific and insect activity is particularly high 
along the forest edge, so it is likety that a relatively large 
proportion o~ this small tree's flowers would have been visited. 
Similarly, tree 285 set disproportionately high numbers of fruit in 
relation to its local male density (Fig. 8-6). This is a relatively 
large tree (d.b.h.= 15.2cm.) with a large, spreading crown certainly 
very attractive to insects in the vicinity. Excluding this tree the 
fecundity levels fall markedly after the average distance to the 
nearest 10 males is 15.0m or more. 
8.2.2.iii Correlations between fecundities in two seasons 
Counts of fruits per shoot are positively correlatedi between othe 
!? two seasons (Fig~ 8-7) suggesting that relative fecundities remain 
the same in successive years. It is inferred that the effects of 
local male density on pollen transport and ultimately fruit set,would 
~e similar in consecutive seasons as long as the spatif.,,19pattern .of 
males remained the same. As younger male trees became sexually mature 
and older ones died, expected relative fecundities of femaies would 
change. 
\ 8.2.2.iv Fecundity as a function of pollen density 
Female fecundity is significantly correlated with total pollen in 
1983 (Fig. 8-8) but not f~ 1982. On the other hand, fecundity 
increases directly with increases in insect densities trapped at 
female trees in both seasons (Table 8-1, Fig. 8-9). Since total 
pollen was derived from total insect densities, the lack· of 
correlation between fecundity and pollen in 1982 is probably due to 
.,. 
irregularities .in the density of pollen carried per insect. The 
numbe~ of visits by insects carrying pollen is a significant factor in 
determining the number of frµ-it set. 
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8.2.3 Relationships between male pattern, pollen density and fecundity 
in Litsea leefeana. 
8.2.3.i Pollen density as a function of male pattern and fecundity as 
a function of pollen density 
Total pollen trapped at female trees is not significantly 
correlated with local ma'le density (Appendix 8-3). Similarly, 
fecundity levels are not correlated with pollen densities. These 
resul~s may indicate a lack of rslationship between these variables or 
they may reflect the small number of trees used in the sample. On the 
other hand, pollen pe~ insect densities trapped at females are 
significantly negatively correlated with local male density (Table 
8-3, Fig. 8-10). The largest pollen loads arrived at female trees 
when the average distance to the nearest three 
than 30m. Female trees with low .local ma.le 
have more female trees between them and 
sources; consequently pollen loads may be 
intervening trees. 
male trees was less 
densities are likely to 
their potential pollen 
partially dissipated by 
8.2.3.ii Fecundity as a function of male pattern 
Fecundity (fruits:ml'.3.ristem) shows a significant negative 
correlation with the three alternative tests of male densities (Table 
8-3, Fig. 8-11). The distance to the nearest single tree doefi not 
explain fecundity levels as well as the local density of males. The 
average distance to the three nearest trees explains fecundity levels 
better than the average distance to the nearest fiv~ trees. The most 
marked effects of pattern occur in females where the average distancl 
to the nearest three males is great~r than 30m. ( 
, Higher correlations with local male density than with simpje 
linear distances confirm that polien influx to a female croWn isla 
function of the pattern of the local population. Where local male 
"" . densities are "':1:-aw, there is a high 
numbers of female trees, all competing 
\ " 
probability of relatively high 
for pollen, being situated 
between a female tree and its potential pollen sources. Logarithmic 
transformation~ of the distance variables improves cor~elations with 
fecundity (Appendix 8-3). Thus, fecundity decreases significantly 
with extreme increases in distance from local pollen sources. 
/ 
I 
I 
Table 8-3 L. leefeana: Significant correlation between measures of 
fecundity, pollen density ahd local male density for 12 
female trees •. (Values for variables and probabilities 
for all correlations are given in Appendices 8-1 and 8-3). 
Fpnction n r p 
Fruit:meristem as a .function of distance to 
the nearest male tree 12 -0.627 0.029 
Fruit:meristem as a function of the'average 
distance to the 3 nearest male trees 12 -,-0, 747 0.005 
Fruit:meristem as a function of the average 
di!:>Lance to the nearest 5 male trees 12 -0. 719 0.009 
Pollen per insect as a function of log 10 the average distance to the nearest 
3 male trees 6 -0.822 0.045 
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8.2.4 Relationship; between male pattern, pollen density and fecundity 
in Diospyros pentamera. 
. ' None of the mea~res of fecundity\ or pollen d·ensity are 
significantly correlated with local male density and nor is fecundity 
correlated with pollen ~r densities .of insects trapped at female trees 
(Appendix 8-3). Fruits:flower ~atios are correlated with the average 
dist~nce to the nearest 10 male trees but on1y at the 90% significance 
level. In chapter 6 it was shown that fecundity measures were highly 
correlated with the original flower density (Table 6-14). For species 
with a long flowering period sufficient pollen is conveyed to female 
trees for an optimum number of fruit to be set, and final fruit 
density is determined by initial flower number which in turn is 
related to the resources available to the female tree. 
Since male trees initiate flowering at slightly different times 
. 
(chapter 5), the nearest flowering male neighbours to any one female 
will change during the first part of the flowering season, which means 
that, initially, pollen from the nearest mal~ neighbour is not 
necessarily available to a female tree. A simple linear distance ·to 
the nearest male neighbour is therefore not a suitable variable 
against which to plot fecundity. It would -be expected, then, that the 
density of male trees in the local neighbourhoodf (p ~ 0.08 and 0.22) 
would be related to fecundity more so than linear distance to the 
nearest male (p 0.83 and 0.91) and this was indeed the case 
(.Appendix 8-4). 
If the distance between the pollen source and targ~t is a 
limiting factor in pollen transport, then relationships between pollen 
and distance are likely to occur early in the flowering season when 
pollen produttion is low and its release into the population is 
relatively slow. To test this, cumulative pollen counts for each 
collection were correlated with the average distance to the nearest 10 
males treks (logarithmic transformed data for distan~e) using 
Spearman's rank correlation coefficient. Densities of pollen arriving 
at female trees were significantly correlated with local male density 
(Table 8-4, Appendix 8-5) up to and including the fifth collection, 
i.e. 14 days after female flowering began. Thereafter, there was no 
-significant correlation between ehe variables except at the last 
(fifteenth) collection. It is concluded that pollen flow to female 
trees is restricted by local male density for a period of 14 days into 
flowering. After this period, continued pollen production and insect 
activity causes pollen to circulate widely within the population, so 
increasing densities of p~ll~n reach female trees in scant male 
·rourhoods. 
,'' 
" l 
J :. ::'i 
. -Ji:,·~~ 
'' 
'' 
" 
. " 4 
~ 
. ....,__~---••·•A···~· 
Table 8-4 D. pentamera: Spearmans Rank Correlations between cumulative pollen densities (per trap) and log 10 
average distance to the nearest 10 male trees for 9 female trees. (Pollen 
densities given.in Appendix 8-~). 
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8.2.5 Radial distribt1tion functio"ns of male 
~males with diff~rent fecundities. 
pattern in relation to 
8.2.5.i Neolitsea dealbata 
RDF plots a,re shown in Figure 8-12 and cumulative 'RDFs for the 
local neigbbou:rhood of females in th'e two groups are g..fven in Table "" 
8-5 and Appendix 8-6. Differences in RDF plots for the two groups 
occur for small values of r. Thereafter the RDF appears to oscillate 
around the value 1 indicating a random distribution of male trees 
relative to females. The imme~iate loc~l den~ity of males, flowering 
adults anp all t,l!j,ees, within a radius of Sm· is relatively high in .both 
fecundity groups with tree dispersion becoming less clustered at 
larger distances away from female t~es. Since high ~DF values 
indicate high density ·clustering, cumulative RDF values for a fixed 
distance (r) ,from females in each group will yield a comparative• 
measure of local ~ale clustering. Cumulative RDFs tor r = lOm and r = 
lrrl are higher for high fecundi t' females than low fecupdi°ty f~ales in 
the three tested ne~ghbourhood groupings (Appendix 8-6) i.e. trees 
' . -
are more~_flensely clustered around high fecundity females. An 
exception is that the RDF for'r = 1 is marginally higher for lower 
fecundity females in 1983. This indicates. that flensities of males 
over a re.latively wide area (i.e. IOm radius from a female) more 
,, 
directly affect fruit set than the males in the immed~ate vic:f.'hity. 
The density of mala trees around females is consisten~ly higher, with 
increas'ing distance, in 11i\h fecundi~y than low fecundity females with 
increasing distance (Table 8-6). In both seasons, the av~iage number 
I • 
'
1 of\~p~e trees situated_within a radius of lOm from a high fecundity· 
female~.is almost twice that for low fecundity females. Figure 8-16 \ ,, 
\ill~st~tes the diff!'!re-nces betw.een high. and low fecundity groups of 
~ve ra&e male densities with increasing distance fT_OUJ. "the female 
centre. In each year;--- there is a greater. ~ifrerence between 
cumulative RDFs for male trees than for flowering tree% or' all tree~, 
suggesting that the degree .. of local male clustering has a great-er 
\__-~feet on £emale fecundi ~y th~n degree of clustering in all adult 
flowering trees or all c~llif\ecific t~ees. 
8.2.5.ii Diospyror-p~nta~era II 
• The numbers .. of ~males in each fecundity group are small so a 
/ 
less detailed . compar~son 
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Fig. 8-12 ·N.• dealb1a: Radial ctlstribution functions in 1982. 
Vertical axis: RDF; 
Horizontal ax1s: r - distance (metres) from a female tr~e; 
High fecundity femal'es (fruits:flower ~0.-06) A;B,C: 
Low fe~undity females (fruits:flow~r <0.06) D,E,F; 
RDF values represent the density of males (A;D) adult~ 
(~,E) and all conspeci~ics (C,F) at increasing dis-tances 
from the av,erage female tree. 
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Tnble 8-5 N. dPnPbata: ~umber of mnle tree• 1fnr ronserut1ve nnnuli around female trees with hlRh 
l '!'12 
and low ferunditles and rumulntlve valu~s for mnle number and RDF. In 19R~ high fecundity _ 
Fruit:f.lower !0.06, In 198) high ferun<llty '.' fruits:flower ?7,0. (RDF cnlcul~tions 
are Riven In Arpen<llx 8-6). 
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16.4 
16.9 
17. 5 
18.6 
19.4 
D. pentamera: Number of male tre~s for consecutive annuli around female trees wlth 
high (Fruits:m2 ~40) and low (F'ruits!J!12 ~40) fecundities an~ c1411ulative values 'for 
mafe·number and RDFs. (RDF calculations are given in Appendix l'l<-6), 
No-.. males in 
~ eacR annulus 
High Low 
0 
0 
3 
0 
0 
·2 
RDF for each 
annulus 
High Low 
o.o 
0.0 
5.9 
o.o 
2.2 
0.9 
1.6 
1.5 
2 .o 
o. 7 
0.0 
2.2 
o. 7 
o.o 
I. 2 
1.6 
0.9 
0.8 
1.4 
0.4 
Distance from 
females (m) 
... 
3 
6 
9 
12 
IS 
18 
21 
2h 
27 
30 
Cumulative no,, 
of males 
Cumulative RDF 
High Low 
0 
0 
5 
6 
~ 
JO~ 
13 
114 
0 
3 
II 
14 
17 
23 
25 
High RDF 
o.o 
o.o 
5.9 
~ 5.9 
8.1 
9.0 
10.6 
12. I 
14. J 
14.8 
o.o 
2:2 
2 .9 
2.9 
4. I 
5.1 
h .(. 
7.4 
8.8 
9.2 
, . 
.. 
,. 
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Table 8-6 N. dealbata and D. pentamera: Cumulative RDF values for male, adult (male & female floweting) and all 
trees for two groups of female·trees with contrasting fecundities. 
N. dealbata 1982 
Male trees Flowering trees All trees · Average no. of 
Fecundity n r = 10.0 r = 1.0 r = 10.0 ~1.0 r 
~es ~ 10.0 r = 1.0= 10 r ~ 1 
Fr:fl ii:0.06 14 23.4 6.2 
Fr: fl< 0.06 10. 12.7 2.9 
J 
--
Difference = 10.7 J.3 
N. dealbata 1983 
Male trees 
Fecund\ty n r = 10.0 r = 1.0 
2'2":4 3.8 
12.5 1.8 
9.9 2.0 
~ 
Flowering trees 
19.0 
10.4 
'>, 
3.9 
1.1 
8.6 2.8 
All trees 
6.9-
·~ 3 .1 
Average no. of 
males 
3 
l 
r = 10.0 r = 1.0 r = 10.0 r = 1.0 r = 10 r = 1 
Fr:merii:7.0 
'<.Fr : rrer< 7 • 0 
11 26.2 5.3 25.3 3:2 21.0 ~4.0 7.6 2---' 
10 19-4 5.9 17.5 3.6 16.9 2.2 3.7· 2 
Diff~nce 
D. pentameia 
6.8 0.6 7.8 
n Male trees Average no~..._of 
males 
0.4 
Fecundity r=30 r=l2 r=30· r=l2 
*Fr:m2 ii:40 2 14.8 5.9 1.4 0.8 
2 r Fr:m <40 6 9.2 2.9 2.5 0.8 
2 
* fruits per m branch used because fr:fl ratios similar in all trees 
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Flg.8-14 Cumuiative counts of the average numbe~· 
of males situated within successive 
·annuli at increasing distances from high 
and low fecundity females. 
.N. dealbata 1982: 
high fecundity~ 0.06 fruits:flower" 
low fecundity .(0.06 fruits: flower 
N. dealbata 1983: 
high fecundity.'.'t 7.0 frults:meristem 
low fecundity< 7.0 frults:mertstem 
D. pentamera: 
high fecundl ty~40 frul ts:m2 
low fecundity L.. 40 fruits:m2 
/Ir 
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fecundity females than low fecundity femal~s (Table 8-~). 
Both fecundity groups have similar average densities of male 
trees situated within a 12m radius but the low fecundity females have 
a higher mean density of males within a 30m radius (Table 8-5). This 
finding contrasts with the cumulative RDF values which represent g sum 
of the number of males encountered divided by the area covered in 
sequential concentric annuli from the female trees. In both female 
groups several annuli contain no male trees and male trees are 
unevenly distributed among consecutive annuli (Table 8-5). This 
finding may explain the discrepancy between 'the number of male trees 
'a'nd the cumulative RDF values. The relatively dense, band of trees at 
an annulus close to the ~~males (r = 9m) accounts for the apparently 
high cuipulative value for RDF. The number of males within a radius of 
9m from the females is 3 for both high and lqw fecundity females. 
These results illustrate some disadvaneages of the RDF analytical 
method with small data sets. 
) 
The average densities of male .trees in increasing increments from 
the female centres is illustrated in Fig. 8-14. There is little 
difference between the two fecundity groups for distan~es up to 12m; 
but beyond this distaHce, low fecundity females are ceitred in higher 
density mal~ groups than high fecundi~y fe~les. 
8.2.6 Summary of relationships between male p~tern, pollen capture 
and female fecundity. 
Neolitsea dealbata 
1. Fe~undity decreases with increasing distance from the nearest male 
tree and with increases in the average distance from the mearest 
10 male trees. 
2. Fecundities of smaller trees may be more adversely,affected by low 
local male density than those of larger trees but small trees on 
the forest edge and in a dense neighbourhood of flowering trees 
have high fecundities. 
3. The effects of isolation on small trees 
female and its nearest male neighbour are 
\ 
the main flowering population where the 
moving between the two trees i\ high. 
\ 
may be offset if the 
relatively isolated from 
probabilty of insects 
,,} 
.~ 
l 
1 
Fig. 8-2 
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4. The effects of isolation may be ,offset in females with large 
crowns since they are highly attractive to insects. 
5. Total pollen density trapped at female trees is inversely related 
to the ~istance from the nearest· pollen sources, although total 
pollen densities explain fruit set in only one of two seasons. 
6. The number of insects visiting female trees is directly related to 
their fecundities. 
7. Correlations of male spacing factors with fecundity were in 1982, 
in order of significance:' distance to the nearest male with 
d.b.h. > lOcm, distance to the nearest male, local male density, 
density of insect visitors. In 1983, the order was: local male 
density, density of insect visitors, distance to the nearest male 
with d.b.h. > 10.0~m, distance to the nearest male, total pollen 
density. 
8. The local density of male, female and all conspecifics within one 
metre and within 10 metres radius' from female trees is highe:r in 
0
high fecundity females than in low fecundity ~emales. 
9. The local density of male trees accounts for greater differences 
in RDF values between high and low·fecundity trees than do the 
densities of flowering trees or all trees. 
Li ts ea leefeana 
.. 
10. The density of pollen carried per insect to female trees is 
directly related to the local density of male trees. 
11. Fecundities of f~male trees decrease as the local male density 
decreases. 
12. Total pollen densities are not explained by local ma1e densities 
and fecundity is not explained by pollen density. These resul~s 
may reflect a ·small sample size and hence natural variation in the 
population. 
Diospyros pentamera 
13. Female fecundity is unrelated to local 
\ 
density or to pollen 
densities. 
269 
14. Pollen arrival at female trees is proportional to the local male 
density for up .to 14 days after the populatio~ begins to flower. 
After this, pollen becomes'increasingly available to all female 
trees. 
I 
15. The average density of male trees within 12m radius and 30m radius 
of female trees is greater in low fecundity females than in high 
fecundity feiiil'les, wher~s cumulative RDF values indicate that the 
?1e)ree of male clustering is greater around highly fecund females 
than 1ess fecund females. These conflicting results illustrate 
/ 
) 
) 
/ 
• variation in male pattern relative to individual females and that 
local male density is unimportant in determining final fecundity 
levels in those trees. 
\ 
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Part 2 
8.3 Pattern of male tr~es and the 'pollen dispersal process to female 
trees. 
8.3.1 Rate of pollen movemen~. 
If distance between pollen source and target trees is potentially 
limiting to the pensity of pol}en reaching females, then females that 
are relatively isolated shoul'& receive less pollen in a given time 
than those females closer to pollen sources. 
4P 
It was demonstrated in section~8.2 that the densit~ of pollen 
received by female Diospyroa pentamera trees is directly related to 
the local male: density up to 14 days into flowering; · thereafter the 
. 
rate of _Pollen arrival at female trees is unrelated to local male 
pattern. Pollen received at female tr~~s was found to be limited by 
male patter over the whole flowering period (approximately 14-21 
·days) in Neoli sea dealbata. At the end of this period pollen had 
been transp ed to even the most isolated Neolitsea dea1bata female 
trees in the e.xperimental population. However, pollen arriving this 
far from a R,Ollen source may arrive rather late in the flowering 
period, when female stigmatic receptivity has ended: 
"" 
This exp~riment was desi~~ed to de~onstrate whether pollen 
transported to isolated females arrives within the receptive phase of 
their resp~cti~e flower crops. Smaller fruit crops recorded in 
isolated trees ~ay therefore reflect either a reduced total pollen 
density or a rate of pollen arrival that is too slow to effect 
pollination of available recept~¢ stigmas before they senesce. 
\. 
8.3.1.i Methods. 
~ ' 
Nine 'female trees of Neolitsea dealbata were selected to 
represent trees with.,high and low local male de~it'ies. On the fourth 
day after the estimated commencement of female flowering (and probably 
the fifth day of local male anthesis) fiowers were collected from 
several parts of the tree crown in each female tree. Only flowers 
with visible stigmatic senecensce were selected,.th~s ensuriJJ,g that 
all the sample flowers hatl been receptive to pollen for a similar 
number of days. The flowers were fixed in ethyl acetate for 2 hours 
and then transferred to 70% ethanol for indefinite storage. 
., ' ( J 
". 
') - 1 ) . 
: l r I' l 1't~11 
i:1,! 
' ) 
,,j 
t 
j ) "I l 
llt' ;( I,•' 
"' 
'> 
,',!'. l i l1 ' lJh! ;'•' 1 l l' ll 
l !l' ! ,t ',' l t.. ,,j 
/) 
Fig. 8-~ 
272 
A sample of 30-40 flowers for each tree was soaked in a 1 molar 
NaOH ~elution overnight, rinsed and the gynoecia dissected out. The 
gynoecia were pl~ed in decolbrised analine blue with 5% glycerol and 
soaked for 2-3 hours. Gynoecia ~ere gently squashed in a drop of 
analine blue on a microscope slide, coverei/ and viewed under 
fluorescence. Pollen grains and pollen tubes fluoresced brightly and 
could be seen penetrating the stigmatic surface and stylar tissue 
(Fig. 8-15). The presence and number of pollen tubes were scored for 
each gynoecium. Free grains without pollen tubes were not counted 
since they may have washed in during the preparation of the styl~s. 
8.3.1.ii Pollen movement between male and female trees. 
All sampled trees revealed pollen tubes in at least a few styles 
(Table 8-7) • and the proportion of styles positive for pollen tubes 
varied from 10% in trees B and C to 100% in tree 112. The pollination 
rate is clearly depeuqent on the distance between donor and target 
(Fig. 8-16, Table 8-8). The local density of pollen donors is only 
'• 
slighty bet~er correlated with the pollen tube density than distance 
to the nearest male, indicating that local density of male donors 
simply reflects the relationship between the female tree and its 
nearest pollen donor at this stage of flowering. The relationship 
between proportion of pollen tubes and distance to the rtearest donor 
~Fig. 8-16) suggests that the first significant effect of distance on 
pollination rate occurs after a distance of 4.Sm between the female 
and nearest male tree. Consequently, female trees within 4.Sm of 
pollen donors receive pollen more. quickly than those outside. Trees 
as far away as 330m from the nearest donor• still receive pollen in 
the available time, although there is a reduction in proportion of 
styles with pollen tubes by 90%. Therefore, some pollen vec.tors 
travelled at least 330m in 4 days. Th~ strong positive correlation 
between proportion of styles wlth tubes and the mean number of tubes 
per style and the negative relationship between the number of tubes 
per style and locaJ dedsity of pollen sources suggests that not only 
is pollen arrivi~g more quickly at female trees closer to males but 
also that more pollen is arriving at the trees closer to the centre of 
their respectfve pollen shadows. 
8.3.2 Directness of pollen transfer between male and female trees. 
female trees 
section). 
in 
This 
Pollen is transported qui'ckly between male and 
the Neolitsea dealbata population (see previous 
experiment was designed to determine whether insects 
directly between flowerin• conspecifics or, more 
process of :random diffusion throughout t·he population. 
transfer pollen 
gradu?lly, as a 
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Table 8-7 N. dealbatai Percentage of styles positive. for pollen tubes and mean number of tubes per style for 
9 female trees sampled 4 days after commencement of flowering. 
Tree code 
,,, no. styles 
no~ +ve pollen tubes 
\ 
% +ve pollen tubes 
meart'Aio. tubes per styl~ 
distance to nearest 
male (m) 
" 
112 
40 
fl! 
roo 
11.65 ± 8.2 
4.5 
'¢" .. 
,j' 
14 , 17 
40 40 
34 39 .. 
85 97.~ 
6.9±8.7 15.3 ± 9.2 
-.2.0 1.6 
\ 
114 76 - 207 D B 
' 32 
40 
15 
.4. 
40 40 38 
16 35 22 
87.5 ~ 55 42.1 37.5 10 
, 
9.9 ± 8.6 1.6±1.9 .1. 2 ± 2 .o 1.5±2.3 1.3±0.5 
4.5, 10.5 6.5 14.0. 95.0 
t 
, .. 
c 
40 
4 
10 
0.2±0.7 
330.0 
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Table 8-8 Correlations between the percentage of styles with pollen 
tubes or the x no. tubes/style and distance measurements 
to the nearest pollen donors for 9 female N. dealbata trees 
Variables 
1. % styles with pollen tubes against 
distance to one nearest pollen donor 
2. % styles with pollen tubes against 
the mean distance to the nearest 
10 pollen donors 
3. % styles with pollen tubes against 
the mean number of pollen tubes per 
4. 
s. 
style 
mean number pollen tubes per style 
against distance to the nearest 
donor 
mean number pollen tubes per style 
against mean distance to·the nearest 
10 pollen donors 
~ 
n 
9 
9 
9 
9 
9 
r p 
. 
-0.844 <0.001 
/ 
-0.889 <0.001 
0.895 <0.001 
-0. 717 <0.02 
-0.690 <0.02 
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8.3.2.i Methods. 
i. Thirty-six sample trees at the Wongabel forest plot were 
aggregated into twelve triplet sets, each ~riplet consisting of a male 
and femile Neolitsea and a non-tfrget (non-flowering tree of another 
species). The triplets were choten on the basis of the relati~e local 
male density of each of the fentale trees. To determine a figure for 
local male density, the number of •flowering male trees occurring 
within an arc of prescribed radius from each fe~ale ~as scored and the 
radius divided by that number of male trees (Table 8-~). Ratios of 
five or Less were' designated as 'high density' and those greater than 
. five, 'low density'. Sampling was organised to include 6 triple~s in 
re~atively high and 6 in r~latively low local male densities. The 
male tree chosen was usually the closest one to the female. A 
non-flowering tree (usually in the vicinity of the female) was chosen 
to represent a 'non-target' point in the population. 
Sticky insect traps were positioned in the canopies of all 
experimental trees just prior to flowering and collected after 6 days 
of flowering. Insects and pollen were retrieved from) the traps and 
counted in the usual manner .. Total pollen per 0 .1 metre squared crown 
area was determined by multiplying the pollen per insect densities by 
the total numb~ of insects for each tree. The few specimens of Apis 
mellifera trapped were deleted from the caiculati~ns since 
A. mellifera tend~ to fal,l from the screens after a few days and the 
counts do not repre~an accurate picture for the flowering period. 
The ~ilcoxon signed-ranks test was used .to, de~ermine significant 
differences between the pollen densities trapped at male and female 
I ' 
trees; male and non-target trees; female and non-target trees and 
female and non-target trees in high and low local male densities. The 
Students' t test was employed to determine whether the differences 
between mean densities were significantly different for female and 
non-target trees in high and low male densities. Results ar'e 
present~d in Tables 8-10 and 8~11 . 
. 8.3.2.ii Directness of pollen transfer. 
I 
The distribution of poll~n densities at female trees is not 
generally different from r-iensities at the nearest male tree in each 
group as a 
and male 
suggesting 
non-target 
split into 
whole. Pollen density was significantly greater at female 
trees than at non-target trees in their respective pairs, 
preferential movement between flowering trees · than 
trees. However, whea.ihe female and non-target trees are 
high and low male density groups, preferential movement to 
290 
·o 
f ~· \ Table 8-9 N, dealbata: Pollen grains trapped trap for 12 sets . per 
L of male, female and non-target 
tree tripl.,ets. 
i ' Ji Female E .. Male Female Non-target Local male ~- code Ul LI"\ (!) trees trees trees density ; (!) ...... L) 
.i µ· rl c assigned .'). (!) ro cl C\l ,-.. Mean pollen grains trap 
' . ;> 
rl E ·.-i 0 µ Ul 
per to female 
0. .c ·.-i Ul (!) 
i';; ·.-i 
• µ .µ ·.-i rl trees 
ti': ~ 0 ·.-i co "O C\l 
!:\; 
E--< c ;3: ~ ..__... E 
~-
l 
~ .. · 171 7 2.1 247.5 41.3 
73.6 High 
. 
. 
I;:~ 76 2 3 5.0 93.9 384.7 36.4 High ~-
112 3 5 • 3 .o 1096.2 459.3 142.5 High 
92 4 15 1.0 281.16 271.4 119.9 High 
24 5 8 1.9 7707.7 430.1 166.1 High 
78 6 2 7.5 136.7 42.8 3.84 Low . 
59 7 12 1.3 264.0 170.2 48.9 
High 
285 8 2 7.5 57.l 584.3 26.7 Low 
r 207 
9 1 15.0 75.0 19.4 32.5 Low 
r 5.9 9.3 Low \ , B 10 <l >15.0 20.3 
t c 11 
<l >15.0 136.7 12.0 7.2 Low 
D 12 <l >15.0 136.7 3. 3\ ' 7.9 Low 
: .. 
---. 
'\ :11< ......---~ ~ 
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Table 8-10 N. dealbata: Pollen densities at triplet groups; 
Wilcoxon's sighed-ranks test for two groups, 
arranged as paired observations. Summary table of results for all tests. 
n.t = non-target trees, 
d = difference. 
Triplet O' & ~ ~ & n.t ~ & n.t 
~ & n.t in high ~ & n.t in low 
number 
density den~ity 
(n = 12) (n- = 12) (n = 121 (n = 6) 
(n = 6) 
' d rank d rank d 
rank d rank d -rank 
1 +206.2 +8 +173.9 +8 -32.3 
-5 -32.3 -1 
2 '-290. 7 -9 +57.5 -3 t348.3 
+11 +348.3 +5 
3 +636.9 +11 +953.7 +11 
+316.8 +10 +316.8 +4 
4 +9.7 +l +161.3 +7 +151.6 
+8 +151.6 +4 
5 +7277 .6 +12 +7541.6 +12 
+264.0 +9 +264.0 +3 
6 +92.e +4 +132.8 +6 
+39.0 +6 +39.0 
" +5 
7 +93.8 +5 +215.1 +9 
+121.3 +7 +121.3 +6 
8 -527.3 -10 -;527.3 -10 
+557.6 +12 +557.6 
+6 
9 +55.6 +3 +42.5 +2 
..1.13. l _:__4 -13. l 
-4 
10 +14.4 , +2 +14.4 +l 
-3.4 -1 -3.4 
-1 
11 +124.7 +6 +129.6 +5 
+4.8 +3 +4.8 
+3 
12 +133.4 +7 +128.7 +4 
-4.7 -2 -4.7 
-2 
"' 
Sum of -ve values · 19 B 
14 1 7 
Sum of +ve· values 59 85 
66 20 14 
Ts 19 13 
14 1 7 
* * 
* 
p (one-sided) >0.05 0.05 Q .. 01-0.025 
0.025 0.025 >o.5 
* ~ican~ difference between pollen densities 
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Table 8-11 N. dealbata: Pollen densities at female and 
non-target trees in high and low local male densities. 
(Students' t test). 
Values 
t 
p 
df (6+6-2)== 
Female trees 
H~gh & low density 
(n == 6 + 6) 
2.24 
* 0.02 - 0.05 
10 
Non-target trees 
High vs. low density 
<-( n == 6 + 6) 
·3.51 
* o.eo2 - 0.01 
10 
, 
/ 
ti, 
293 
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female trees is detected only in areas of high male density. In areai 
of the population where male density is low, the amoun~ of pollen 
reaching female trees in not significantly different from that 
reaching a non-target point in the area. 
Within-group tests show that pollen density is significantly 
great'r at non-target trees in high local male densities than in low 
male densities. Similarly, for female trees, more poll~n wa9 trapped 
at trees in high local male densities than a~ low ~ocal male 
densities. \ 
These resul,ts suggest that within an area of high male density 
(and .. therefore high pollen availability) insect •movement is generally 
directed between ~onspecifics so that the likelihood of transporting 
polle~ from a source tree to a target (female) tree is greater than 
that to a non-target tree. In low local mal~ densities h-· the 
vector-mediated pollen movement is more diffuse; t 
vectors contacting non-target trees are as great 
contacting conspecific, female tree/. 
8. 3. 3 Summary of the pollen dispersal process in Neo.litsea 
1. After 4 days of flowering in the f~male pop~la~ion, polle~ had 
been transported at least 330m and th~ density of p~llen arilving 
at female trees was directly related to the Jocal male density. 
2. More flowers rec-eived pollinations" (the rate .at· which pollen 
arrives) and more pollinations per flower (the number of insect 
visits) in females in high male density locations than those in 
low density male neighbourhoods'. 
3. Both male and female flowering trees trapped more pollen than 
neighbouring non~flowering trees. 
4. In areas of high local male density, pollen was transported 
preferentially between flowering male and female trees whereas in 
areas of low male density, pollen tr~veiied equally between male 
-- --~-·· ·----
5. 
and female and male and non-flowering trees. 
More pollen diffuses to nori-f lowering 
areas th.an in low male density areas. 
'. ~. 
in high male density 
6. Female trees situated in dense male neighbourhoods are likely to 
receive more pollen more quickly than those in more diffuse male 
neighbourhoods. 
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8.4 Discussion 
Spatial pattern exerts ' different influences on 'the three 
dioecious species populations. Fruit set in Litsea leefeana and 
Neolitsea dealbata is related to the local density of male trees. The 
rate of pol-len arrival at female trees is limited by distances to the 
local pollen sources in these two species. By contrast, fecundities 
of.,female Diospyros pentamera (re~resen.ted by the number of fruit set) 
are unrelated to local male ~ensity. If the f~rtilisation of several 
ovule$ depends on repeated pollinations, then a count of seeds per 
fruit in this species may have revealed a closer relationship between 
fecundity and spacing since the number of visits to a female flower is 
likely to decrease with increasing distance from the pollen source. 
Alternatively, the low variation in fruit : flower ratio found in 
Diospyros pentamera may have been selected to make efficient use of 
maternal investment or seed quality (Stephenson, 1984). It is 
demonstrated, however, that pollen arrival at female trees is limited 
by local density of males up to 14 days into ~he flowering period. 
This is .a period approximately equivaleftt to the entire flowering 
period of Neolitsea dealbata and Litsea leefeana (chapter 5). Given 
that qll three species share\a similar, generalist pollinator fauna, 
it would be expected that the rate of pollen movem~nt throughout the 
flowering populations would be comparable. If this is the case, then 
\ 
14 days is the minimum period a briefly-flowering species can f_loyrnr 
if limitation of pollen supply .. is to be avoided in populations 
exhibiting this .particular spatial pattern. It was demonst.rated in 
·" sec.tion 8. 3 that pollen reaches' ·the most isolated females :i.n the 
Neolitsea dealbata population (more than 330m from the nearest pollen 
source) within 4\days of flowering, although there is a significant 
effect of distance on the amount of pollen arriving at this early 
stage. 
The data obtained cannot be used to measur~ the actual distances 
travelled by pollen since the sources of pollen trapped at female 
trees are unknown. Experiments using fluoresent dyes (e.g. cit~d in 
Levin and Ker~ter, 1974; Webb and Bawa, 1983) indicate that pollen 
flow from a source is highly leptokurtotic, with very high numbers of 
grains being deposited close to the source, followed by a steep fall 
in dens~ty with distance and then a few observations of relatively 
long distance dispersal. Pollen densities trapped at female trees of 
Neolitsea and Litsea show a similar pattern, even though the time 
available for pollen movement is much greater than""that measured in 
the above studies. This
0
suggests that distance betwe~n pellen ~onors 
and recipients is a highly significant factifr,.,in determining the 
amount of pollen arriving' at the latter. 
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In Neolitsea dealbata the effects of isolation were demonstrated 
in relatively isolated females. However, compared with the Diospyros 
pentamera population, the Neolitsea population is more dense and Qas a 
higher clustering index. The male spacing factor combined with large 
numbers of simultaneously produced flowers would stimulate a more 
rapid exchange of insects between trees in the Neolitsea population. 
Individuals of Litsea leefeana are more widely spaced than are those 
of Neolitsea dealbata, but the larger crowns produce more flowers, the 
effect of mass-flowering on .the insect fauna is greater and the rate 
of pollinator movement between trees may be proportionately increased 
(chapter 7). 
In Diospyros pentamera, female trees as close as 7m (tree 28) to 
their nearest male ?eighbour still have not received pollen after 9 
days and pollen movement between trees is assumed to be slower. 
Coleopterans are important pollinators of this species and beetle 
flight is likely to be slower than that of other, more mobile vectors 
(Levin and Kerster, 1974). Another contributing factor is the fact 
that individual male trees come into flower at different times during 
the initial population flowering. Tree spacing in the Diospyros 
pentamera population is more loosely clustered than in Neolitsea 
dealbata (chapter 4) and movement between male and female trees 
appears to be slower and less frequent than in the laurels. However, 
flowers are produced consistently in females over 1a long period, 
allowipg time for pollen to be received \throughout the population. 
· In Neolitsea, the correlation between distance from a pollen 
source and the number of flowers·· with pollen tubes (or the number of 
' pollen tubes per s'tylEi!) is stronger than' correlations between distance 
and either pollen capture or distance and fecundity. Pollen tubes in 
situ represent a more accurate method of ~ssessing th~ rate of arrival 
of pollen grains. Also, the female' flower$ were exposed to available 
pollen for only a short period of time in this experiment and the 
effects of spacing are accentuated early in the flowering perioq. The 
variation in number of pollen tubes counted per style may indi~ate 
either that fore grains are carried per insect over shorter distances 
(i.e. pollen carry~over is greater in high pop~lation densities) or 
that more visits are made to each flower (Cruden, 1976). The number 
of grains reaching'~style may be/torrelated with the success in seed 
set (McDade, 1983) even in plc;fits which produce a single seed as, for 
example, in Neolitsea. Slig_!J-.t1y stronger correlations of fecundity 
with distance to the nea~st large male tree than of distance to the 
nearest male show th8lS_5Jie size of the available pollen pool is 
important in determining the total proportion of flowers that are 
po lli na t
1
ed. 
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In the Neolitsea dealbata population, the order of significance 
between the effects of distance to the nearest pollen source and the 
local cfensity of pollen'sources is r~verserl in the two experimental 
years. Some of the sample female trrees wete different in each year 
and,~~onsequently, the ~istance to and the size of their local poi{en 
, sources may differ and the relative importance of the nearest pollen 
sou'rce changes for the group as a whole. However, there is very 
little difference between the nearest male trees for the 1982 an<l 1983 
experimental remale populations. Instead it is suggested that the 
influence on fecundity of the distance to the nearest pollen source 
and the pverage distance to the nearest 10 ~ources may be of differing 
importance to 'different individual females. Thus some female trees 
may receive the bulk of their' pollen from their nearest male neighbour 
(if very close and/or large) while others receive pollen from several 
more distant neighbours. 
Effective neighbourhood size (loc~l population of plants which 
potentially interbreed; see Wright!, 1940) may be very small (Levin 
and Kerster, 1968) because gene flow i$ restricted due to responses of 
pollinator~ to plant densities (Levin and Kerster, 1974).1 Being too 
close to a pollen source may limit the genetic resources available to 
set viable seed. If close neighbours are geneticalli more closely 
related than distant neighbours, and inter-sibling mating reduces the 
qu~lity and viabilty of embI"JoS, then females close to sibling males 
. . 
may suffer a reduced seed crop. Preferential abortion of inferior 
quality seeds (Stone B?okman, 1984) may thus account for the wide 
range of fecundities observed in females in neighbourhoods of high. 
male density. It would be expected, then, that females. in a locality 
of high male density would set a larger fruit crop than those with a 
single, very close neighbour. The 1983 data verify th~s,prediction. 
In.Litsea leefeana, the local male density is more important than 
the nearest male in determining fruit set. As discussed above, the 
J,,arger canopy trees have a gr~ater influen;Ee n pollinators which fly 
.~onger distances above canopies ~han if imp ded by forest growth below 
~e canopy (Appanah, 1980). A slightly lager proportion (31%) of 
pollinators of Litsea leefeana were greater than 6mm in length than 
was the case for Neolitsea dealbata (28%) suggesting that pollin~to~s 
were also .larger and capable of flying longer distances in a given 
time. These vector sizes are, however, small, compared with those 
quoted for long-distance fliers in ~ther tropical forests (e.g. 
Frankie, 1976). The effect of a ~arge crown on improved attraction to 
pollinators is seen in the female Neolitsea dealbata tree 285, where 
an unexpectedly latge fecundity was measured. 
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In Litsea, ·the density of pollen carried per insect, rather than 
total pollen to females, is ·directly proportional to local male 
density. A combination of two factors may explain fhe difference. 
Firstly, because of the long distances between conspecifics (average 
nearest neighbour 9-13m) in relation to Neolitsea dealbata (average 
nearest neighbour 3-Sm), there are mo~e non-conspecific trees and 
flowering females between more isolated female trees and their pollen 
sources, creating a greater opportunity for pollen to 9e 'lost' at 
intervening trees (L~vin and Kerster, 1974). Secondly, since the 
flowering resource in this species is relatively large, insects may 
spend longer at each flowering female they encounter so the chance~ of 
pollen 'carry-over' from one tree to the next is reduced, particularly 
in neighbourhoods with a high female:male density. Competition for 
pollinators between female trees ultimately reduces the total density 
of pollen that is likely to reach more isolated trees. Additionaly, 
because inter-'tree distances are large, relative to 
Neolitsea dealbata, a larger proportion of insects arriving at female 
trees will not have come from conspecifics; therefore, they would not 
carry pollen at all. 
In Neolitsea dealbata, the number of insect visits 
important in determining, pollen arrival at female trees. 
flower, resources are smaller than for Litsea leefeana 
seems more 
Because the 
and the 
distahces between trees shorf~r, the frequency of movement between 
trees is higher. A larger proportion of insects arriving at female 
trees have previously visited other flowering trees. Irrespective (\f 
the number ~f grains carried over from one tree to the next, the 
number of visits \lfis related to' the relative positions of male and, 
female trees. 
For Neolitsea dealbata, the threshold distance from a male tree 
. .. 
at- which pollen dis~ersal first bec~mes limited after 4 days is only 
Sm. After 7 days (1983 data) the threshold is 12.Sm from the nearest 
male tree. After a period of 26 days (i.e. the 1982 experimental 
period), there is no direct relationship between pollen received at a 
female tree and the distance to th~ n~arest donor. This ability of 
pollen to move gradually to the most isolated females is useful only 
during the receptive flowering period, approximately 2 weeks in most 
Neolitsea dealbata ;rees. Thu~, although cumulative pollen levels, 
arriving at female trees after 26 days in 1982 are not correlated with 
spatial pattern, fecundity levels are significantly affected by 
distance .. from the nearest male tree as well as by the local density of 
pollen sources. The threshold distance from the nearest male at which 
fecundity is first limited is 7.Sm ln 1982. The threshold average 
distance to the nearest 10 males ~s not .consistently related to the 
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threshold distance to the nearest male tree. In 1983, the threshold 
at which fecundity becomes affef ted by distance is similar to that at 
which pollen becomes limiting for the nearest male distance. The 
fecundity threshold for the average distance to ~he 10 nearest males, 
however, is almost twice that for the 7 day pollen threshold, 
illustrating the effect of increased tim~: for pollen dispersal. 
Fecundity thresholds in the two years 1982 and 1983 (although 
unaffected by the duration of the experiment) · are different. .Since 
the average nearest male neighbour distances are similar (25.9m in 
1982 and 28.Sm in 1983), different experimental groups do not account 
-9 
for measured differences in threshold effects. 
The RDF values·for high and low fecundity female-s provi es an 
additional technique for examining the effects of male spatia pattern 
on fruit set in female t\.ees. More detailed analyses spatial 
pattern effects on fecundity could be performed on larg 
High fecundity female Neolitsea dealbata were at the nuc eus of denser 
clusters of· male trees than were females with lower fecundities. A 
similar relationship was found in Diospyros pe tamera females, 
although this contrasts with the finding that fe le fecundities are 
unrelated, linearly, to local male den ties. The two 
Diospyros pentamera females designated as g·high fecundities are 
,situated in slightly higher density male nei bourhoods compared with 
the other females. High and low dity groups were chosen 
to produce similar 
is a useful method for 
with respect to different 
arbitrarily and~ aa ge of ~uch groups a e 
results. These r ns indicate that this 
examining the na ' " of ~male' neighb rho;ms 
female trees. ~ 
'-.,ii.· 
Pollen dispersal from ale trees appear~ to take the form of 
pollen shadows, with creasing densities ~ ollen reaching more 
distant points as f ering tim~ incre~ses.· Pol n dispersal is 
susceptible to t random movement of vectors between ees, ~lthough 
in situci_tions high plant de~ity, pollinator)movem. t may be non-rando~ and governed by the pr9'Jimi ty of n~ig(bouring t ees as in 
Neolit~~ dealbata. The dilution of pollen from a source to a female 
7 tree or nqn-conspecific is related to the local densit pollen 
II 
1
rces. The total density ?f pollen reaching a point in s can be 
resented· as. a function of local ~ollen source densi and time (} 
ce pollen production commenced. The attracti~g qualities o female 
es. are influential over short distances from ma:fe trees. The ize 
of the pollen pool available to individual females is unknown but earl' 
be defined in terms of the spatial arrangement i13f .male trees and the 
length of time during which pollen is available and stigmas are 
receptive....-
,· 
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Whereas fec~dity is influenced by locai male density in 
Neolitsea and Litsea female trees, only early pollen disper~al is 
related to male pattern in Diospyros. Augspurger (198t) showed ~hat 
low population density in Hy banthus prunifolius (self-compatible but 
0 . 
facultatively o~tcrossed), resulted in significantly fewer seed set 
than in trees·,in higher spatial densities. Similarly, Silander (1978) 
demonstrated that seed set in·the hermaphrodite shrub Cassia bjflora 
was negativelr correlated with the distance to the neatest\neighbour. 
In both of these studies, the largest inter-plant distances were 
small, eg. 12m for ~ biflora, compared with those measured for the 
trees in this study (chapter~). 
Augspurger (1981) demons~rated that the effects of flowering out 
of synchrony with the population, in ~terms of seed set, are more 
severe in small individuals. Asynchtonous flowering is equivalent to 
flowering in a low density population. Fecundities of the smaller 
Neolitsea dealbata females were the most adversely affected by 
decreasing density of local pollen sources. Small trees are younger 
-lJt 
members of the po.pulation and often tend to grow at the ed~es of 
populations where recruitment levels are high (for Neolitsea at the 
forest edge), or where population density is low (for example 
Neolitsea individuals in the Araucaria plantation). Under these 
latter conditions, low level& of seed set due to isolation may 
markedly reduce the fitness of an individual female tree .• However, in 
a long-lived species, reproductive output in consecutive sea1ons can 
~ " be flexible. The sudden maturation of B nearby breeding male would 
immediately enhance a female's fecundity. 
Chan (1981) estimated that· individual members of a clump of the 
tree? Shorea leprosula gerierally produce more fruit than ~solated 
" individuals in the Mal:ayan rainforest. Free (1962) semonstra.te.d ::r-
positive correlation between fruit set in plum and apple orchards with 
proximity to the pollinizer varieties. Fecundity was greater-in high 
density populations of hermaphrodite herbs, Astragalus canadensis 
(Pla~t et al., 1974) and distyloµs Houstonia caerulea (Wyatt and 
Hel'lwig, 1979) than in low density populations. In Haastonia caerulea 
fecundity was improved in larg~r populations composed of a mixture of 
compa ti·ble morphs ( 'pfns' and 'thrums'). In populations of homog-enous 
morphs, fecundity improved with decreasing distance to the nearest 
sub-l>opula ~ti. 1 containitig ·compatible morphs. In these species, seed 
set is pollen limited and related to the density-dependent foraging 
behaviour of pollinators (Levin and Kerpter, 1974) . 
. !
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Within a given breeding population of trees, the effects of~ 
spatial pattern on fecundity are governed by factor~ such as flowering:-...-/ 
time (i.e. the time availa.ble for pollen to reach isolated 
i nd iv id u a 1 s ) , and pollinator foraging abilities. A direct 
relationship between f~cundity and plant density may be offset.if the 
" flowering period is very long, enab~i_ng pollen to diffuse throughout 
the population, as is demonstrated in Diospyr9s pentamera. A similar 
effect of extended flowering may be responsible for the lack of ,.__ . 
9orrelation between fecundity in female Jacaratia dolichan.la"' and 
distance to the nearest male tree (Bullock and' Baw'.'1,· ~1981). 
Alternatively, stamiaate plants may be ::;o common and pollinators 
sufficiently·wide-rang~ng th~t pollination is sufficient to offset-any 
effects of spatial location of females in relation to male plants, 
even in a relatively briefly-flowering species (Barrett: and Thomson, 
19 82) . 
A further relationship between pollinator vagility and plant. 
spacing was demonstrated by Webb and Bawa (1983). They showed that' I 
pollen flow between plants of G«dosurus ~ is very .restricted and 
mediated by~ relatively immobile butterflies. Individuals of 
Malvaviscus arboreus are pollinated by larger, more mobile, humming 
" 
and pollen flow is wider-ranging throughout the popul>!ition. birds 
' Outcrossing is effected ~n both _species populations as ~ urens on the 
one hand grows in d_ense, clustered populations whereas ~ arborens has 
a more scattered population structure; pollinator foraging strategies 
are suited to the respective inter-plant distances in each case. 
Inter-plant distanses have been demonstrated to affect 
fecundities in hermaphrodite herbs (Platt et al., 1974; Wyatt and 
Hellwig, 1979), .shrub~ (Silander, 1978, Augspur~ 1~81}] and trees 
(Free, 1962; Chan, 1981). Although stu~ie~on a dipeci~us herb 
(Barrett and Thomson, 1982) and tree (Bullock and Bawa, 1'9£1) failed 
to demonstrate significant correlations between female fecundity and 
plant pattern, the current inv~stigation indicates ~hat spatial 
-- 11:\ pattern of breeding individuals is potentially limiting to fecundities 
in dioecious trees. 
The final density of pollen reaching a female tree thus dep·ends 
on a combination· of the following factors: 
1. The chance movement of vectors. 
2. The distance from and the size of a pollen source and local 
density of pdilen sources. 
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3. The size and relative attraction value Qf tqe female flower crop. 
4. The time during which pollen is available. 
5·. The time during which females hold receptive stigmas. 
Pollen flow from male trees ~ay be summarised as follows: 
~ 
1. Directional movement of pollen from male to female trees occurs 
when the flowertng population density is ~elatively high. 
A 
2. Beyond a thresh9ld distance between a male tree and it~ nearest 
female tre~ pollen diffusion by more or less random vector 
movements reduces the ~bsolute density reaching one or more 
females. 
3. A high local density of male trees. increases the incJdence of 
movement between males and reduces the chances of pollen movement 
to females. 
The ways in which male spatial pattern can po~entially limit 
fecundity in female trees has been documented in this chapter and the 
results have b.een discussed '1.n the light of other studies. A 
qiscussion of ~ome interrelated ,aspects of the findings of chapters 3 
to 8 and the way in which the restricting effects of spacing on pollen 
flow may. be overcome in breeding populations is the subject of the 
following chapter. 
/ 
) 
302 
~:f ~ 
~r., 
_., .. 
... 
289 
CHAPTER 9 
DISCUSSION 
9.1 Pollination efficiency and fecundity in 
potentially limited by distance from male trees. 
female trees is 
An important finding• of this study is that spatial pattern 
influences breeding differently in different 
. 
Pollination is potentially limiting to fruit set in 
Neolitsea dealbata and Li~sea leefeana which have 
tree species . 
female trees of 
short flowering 
peripds, but not in Diospyros pentamera which flowers for a longer 
peri~d, allowing time for more'pollen to reach all pistillate plants 
in th'\ population. Pollination become~ more strongly limiting as the 
distan9es between male and female trees increase, so spatial pattern 
directly governs levels of pollen reaching female trees in species 
with brief flowering·periods. ~reeding success in pistillate trees is 
thus related to ma:J..e spatial pattern, particularly after a threshold 
of relative isolation has been reached. 
Fecundity levels have also been found to be related to 
pattern in some hermaphro.dite species (e.g. Silander, 
. r 
,_/ 
spatial 
19'78; 
~gspurger, 1981;. Free, 1962). In these, competition for space on 
the~- stigma between self- and cross-pollen may accentuate the effects 
of i(n ter-tree distance. In dioecious species ,previously ~nvest:iga ted, 
no significant correlation between inter-sex distance nd fruit set 
was found (Barrett and Thomson, 1982; Bawa. and Ople 1977). 
Potential pollen limitation to fruit set in these species may have 
been masked by long flowering periods or a high relative abundance of 
pollen to ovules in the population. In the current study, the 
relati?nships between inter-sex distances, local male densities 
relative to females and -pollen flow from males to females has been 
measured independently of fecundities and demonstrates that 
pollination efficiency in . dioecious female trees may be closely 
" governed by the proximity of potential mates. Similarly, ' the number 
and quality of seeds a staminate plant can sire, is determined by its 
position relative to4 female trees. Final fecundity levels may be a 
function of the time duri~ich pollen is mobile and viable in the 
population. 
Four separate aspects of this invest~tion indicate a causal 
~ 
relationship between spatial pattern and pollination efficiency and 
potentially, therefore, fecundity in Neolitsea and Litsea female 
trees: 
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Female trees exhibit a wide range of fe~undities that 
strongly correlated with their flowering ~ropensities. 
are not 
Pollen suyplies reaching female trees are inversely proportional 
to the distance from the nearest po~len sources and the density of 
pollen sources. 
Time and the random 
to female trJs. 
movement of pollinators affects pollen 
' 
supply 
4. Fruit set is negatively correlated wifh distance to the nearest 
pollen sources in Neolitsea and Litsea. 
~ 
9.2 Interactions between trees and pollinators tend to offset limits 
to pollen flow imposed by spatial pattern. 
Although amounts of pollen re~ching female trees fall off with 
the experimental 
is therefore a 
The findings in 
increasing distance from male trees, none of 
pistillate trees failed to set some fruit. Dioecism 
successful breeding system in the species studied. 
chapters 5 and 7 illustrate .,that severa,,~ - facets of the 
biologies and their interaction wi~h vectors contribute 
species' 
to the 
enhancement of ,_pollen flow between trees'· and hence successful seed 
set. 
· The mechanisms that offset inadequate pollen flow fall i-nto two 
categories: thos~ aspects of the plants' natural histories.that 
reduce the effective distance between staminate and pistillate plants 
(i.e. dense, cluster~d · populations, a high ratio of male to female 
plants and flowers, pighly synchronous flowering and flowering over an 
extended peri_od) and those which promote inter,- tree movement of 
pollinators (i.e. differential floral reward availability in time anq 
space in Diospyros, and probable displa~ement of vectors tflrough 
aggressive interactions or eyentual reward depletion in Neolitsea and 
Litsea). 
The fact ~hat the populations of these dloecious species are 
generally common and clumped is highly signjficant in the light of 
what is known of the movement of insect-mediated pollen between trees. 
The average nearest-neighbour distance in Neolitsea and Litsea is 
smaller than the threshold distance at which pollen supply becomes 
limiting to . fecundity. Neolitsea and Diospyros are similar sized 
trees but population density is greater, nearest-neighbour distances 
are smaller and the degree of clustering greater in Neolitsea. Since 
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Diospyros flowers for a longer period, the potential repercussions of 
larger inter-plant distances on fecundity are avoided. As tree size 
and inter-tree distance increase, for example tn Litsea, the influence 
of larger flowering crowns on the pollinator fauna is proportionally 
increased. The density of pollen in relation to ovules is high in all 
populations. Male plant density is significantly greater than that of 
females only in the Neolitsea sub-populations but flowering prope~sity 
is higher in male trees in all populations studied. 
Flowering is closely synchronous among male and female Neolitsea 
and Litsea and male trees initiate anthesis slightly before females, 
so~ollen is already.being dispersed in the population as female 
flowers first become receptive. Flowering is less synchronous among 
Diospyros individuals, since anthesis begins at slightly different 
times in individual trees, but the trees flower synchronously 
thereafter. Several male trees exhibit two peaks in floweri~g that 
, are not synchronous among individuals and, as ·females p;oduce flowers 
continuously during this time, every male tree is a ~ential mate 
although the proportions of pollen arriving from ffefrent males 
changes as the flowering season progresses. Flowering nchronously 
(j 
with conspecifics maximi~es the chances of pollen fl9w between 
individuals (Heinrich and Raven, 1972) particularly in a species with 
a brief flowering period. 
~ 
Pollen limitation of fruit set in Diospyros is avoided by 
prolonged flowering. Extended flowering is foun,9 in several species· 
that gradually mature a few flowers at a time (Janzen, 1967; Gentry, 
1974) but Diospyros trees produce a comparatively large number of 
flowers over the four month flowering period. This blooming pattern 
further increases the chances of females receiving pollen from a wide 
""' variety of mates. 
Although specific pollinator-flower interrelationships were not 
I} 
studied in detail, several mechanisms enhancing the movements of 
vectors between ~ees apparently operate and are dicussed in 
chaptter 7. The interaction between flowering pattern and insect 
behaviour that encourages the inter-tree movement of pollen are 
slightly different between Neolit~ea and Litsea on the one hand and 
Diospyros on the other. Neolitsea and Litsea have short,- highly 
synchronous, 1l_owering periods, produce massive quantitie~ of flo~ers 
and abundant r~ards and are pollinated by an array of opportunistic 
insect vectors. For the most part, vectors prooably leave the male 
~ trees to avoid aggressors a~predators or when the nectar supply runs 
out in local areas of the. t?-ee crown. Towards the end of flowering 
the significant reduction in floral resources at male trees causes a 
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shift of pollinators to female crowns which bear receptive flowers for 
slightly longer. The chances of pollen movement are improved by small 
inter-tree distances and relatively high population densities. 
Gradual, though more or less synchronous, flowering in Diospyros 
reduces .to some extent the inducement to vectors, the most important 
of which are the relatively immobile Coleoptera, encouraging them to 
move between trees. Further inter-tree movement is precipitated as 
some male trees temporarily stop ant~esis during their flowering 
period. Finally, at the close of the population flowering, reduction 
in male anthesis encourages movement to f emal~s whiclf are still 
producing receptive flowers. 
9.3 The significance of pattern. 
The significance of spatial pattern for breeding success has 
several aspects. The relative spacing 'bf potential breeding partners 
determines: (i) the frequency and direc.tion of pollinator movements, 
(ii) how far viable pollen moves through the population, (iii) the 
number of potential matings (both the numbers of matings· and the 
number of mates per tree), (iv) which are the most likely mates and 
therefore the quality of matings in any one pistillate crown. 
~· 
The degree to which interactions between vector behaviour and 
plant flowering habits are successful in achievin~ pollination largely 
depends on the spatial arrangement of male and female plants. In 
trees pollinated by generalist insect vectors the effects of distance, 
and therefore pattern, are more significant to species with short 
flowering periods, for example Neolitsea and Litsea, than in those, 
such as Diospyros, which bloom for longer. Threshold distances 
between male and female Neolitsea and Litsea have been demonstrated 
beyond which fecundity begins -to decline. A high degre~ of clustering 
~ ' 
reduces the distances over which pollinators are required to travel 
' 
and hence the efficiency of pollen transfer (in terms of energy 
expenl}iture on advertising and rewards for pollinators) is 
pro~brtionally greater. These economies of scale are relevant to any 
flowering plant but the influence of spatial pattern on the outcome of 
breeding takes on particular significance in dioecious trees where 
outcrossing is obligate. 
The success of breeding in pistil~ate trees is measured b~ the 
number and/or quality of seeds they mature whilst that of staminate 
trees is related to the number and quality of seeds or seed crpps they 
s·ire (Janzen, 1977). An isolated breeding .female also competes with 
C those females growing in groups and will have a smaller range of 
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'potential mates and most incoming pollen is from th~ ne~rest donor, 
whatever its fitness. A xenogamous, hermaphrodi_s.e tree with the same 
degree of isolation still retains the capacity to donate pollen to the 
gene pool even if an optimum number of its own stigmas are not 
successfully pollinated. A self-compatible hermaphrodite harnesses 
its additional abilitY, to set an optimum number of seed by selfing.· 
The advantag~s of breeding in a dense group are magnified for small 
pistillate and staminate plants since their relative reproductive 
effectiveness is less than that of larger trees. a 
It was suggested in chapter 8 that the number of pollen grains 
arriving at a female tree may be a function of the distance between 
that tre~ and one or more male trees, the size of the pollen pool, the 
•, time over which pollen is produced and the number of pollinator visits 
made. Similarly, pollen abundance is significantly diluted with 
distance from its source and so a larger proportion of a male's pollen 
crop will find female tai~ets in a contagious ~opulation than in a 
less ,dense one. 
If the trees were further apart, would the insects fly further 
between them? The experiment which monitored pollen flow between 
male, f~male and non-target trees (chapter- 8) showed that pollen 
dissemination b~comes more or less random in low density populations. 
Therefore, many vectors would fail to transport pollen between 
conspecifics. A generalist pollinator fauna is likely to be diverted 
by non-conspecifics and the number of these increases as the density 
of conspecifics decreases. 
'" The quality of matings (i.e. the relative robustness/fitness. 9f 
fertilised embryos) has not been investigated here. But the wide 
range of fecundities observed in female Neolitsea· which lie well 
within the threshold distance from males at which pollen becomes 
limiting to fecu~dity, may be partly explained by the diffe~ential 
abortion ·of poor quality seeds (Stone Bookman, 1984; .. Stephenson, 
1981, 1984). Some results in this study sugg~st that seed quality ts 
an important component of the ultimate fecundity of female trees. 
Local male density (i.e. the average distance to the nearest 10, in 
Neolitsea, or 3, in Litsea, males) is more highly correlated with 
female fecundity than simple linear distance to the nearest male. The 
higher the local density of males the wider the range of male 
genotypes available to a female. A female growing in a dense male 
neighbourhood is likely to produce a higher pro.portion of 'good 
quality' seeds_ than a female in a less dense male nei~hbourhood. 
I ' 
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Nearest-neighbours in plant 'populations are of ten closely related 
(e.g. Baker, 1984) so in self-incompatible hermaphrodites, 
neighbouring plants are likely to share a large proportion of 
incompatible alleles, rendering them u,nsuccessful breeding partners. 
Mating between such neighbours, besides wasting pollen and space on 
the stigma, may result in pre- or post-zygotic abortion of the 
gynoecium. In dioecious species, the s-allele incompatibilty system 
does not operate (And.erson and Stebb,ins, 1984) and so, although 
neighbouring trees of complementary sex may be closely related, they 
are compatible partners;~ a larger pr~portion of pollinations will 
result in viable seed than would be. expected in hermap~rodite trees . .., 
'· 
In female Litsea and Neolitsea pdllination efficiency and 
fecundity 
threshold 
levels 
exists 
are not linearly related to distance but some 
beyond which distance-related constraints become 
effective. These measureable thresholds change with time dur\~ng 
flowering in a way that is r'elated to the movement ·of· pol~en 
throughout the population. The threshold distance at which polien 
quantity begins to fall is smallest early in the blooming period. As 
the flowering season pro,gresses, more pollen is transported 'further 
from pollen sources. There is no evidence that pollinators make 
-longer, direct flights between trees as the flowepng season 
pro~resses. It is more 1. ikely th~t vectors move gradually through the 
p~pylation so that pollen arriving at mo~e isolated females may have 
been 'carried-over' from other females. Some evidence for pollen 
carry-over between trees was provided by Litsea where pqllen per 
insect aPriving at.females, rather than total pollen, was related to 
distance from male trees. Polle~ grains are lost as insects move from 
tre~ to tree and an experiment with the Neoljtsea population 
demonstrated 'that the frequency of movement of pollen between 
conspecifics ~s directly related to the density of the flowering 
trees. A large proportion of the neighbours of an isolated female 
will be other females and non-co~specfics and so only a small number 
of incoming insec t·s will have previously visited a male tree. 
Although Levin and Kerster (1968) demonstrated that pollen carry-over 
is restricted in some flowering plants, there is indirect evidence 
from this study that it is an important component of successful 
pollination {n dioecious rainforest trees. 
) 
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9.4 Some wider implications. 
If clustering is advantageous to outbreeding, dioecy would be 
most likely to arise in clumped populations than in dispersed ones. 
All the experim.ental dioecious populations were clustered or abundant 
or both. But commoness and.clumping are only relative terms. Dioecy 
could evol~. in a less clustered species population if the flowering 
period were ~rol-0nged o~ the pollinators s~ecialised. Dioecy should' 
evolve in species whose nearest-neighbour distance is typically less 
than the thFeshold distance at which pollination efficiency declines. 
For the tl.ioecious system to remain successful,. newly ·dispersed 
individuals need to be guaranteed ;~otential mat•. Dioecy may have 
arisen successfully in colonising species with a high reproductive 
capacity (Baker, 1967; Carlquist, 1974 pp. 509-548) as a response to 
D selective pressures to eliminate inbreeding depression -(Thomson and 
Barrett, 1981; Baker, 1984). 
\ 
-For dioecy to be a successful breeding system for both pistillate 
and staminate trees, at least locally high density and mixed 
populations must be maintained even if the genetic make-up of 
individual breeding partners changes over time. Janzen (1970) and 
Connell (1970) postulated that the intensity of post-dispersql 
predation of seeds and seedlings maintains low densities of adult 
trees. But Hubbell (1979) demonstrated that most species in a 
tropical 
that high 
dry forest, whatever their breeding system, are clumped and 
densities of juveniles survive close to adult trees. 
,.· 
Juveniles were clumped around females of all three dioecious species 
in the current study (chapter 4). It is not clear from this or other 
studies whether the pattern }s due to density-dependent survival after 
dispersal or to microsite preferences already taken up by the parent 
populations (Hubbell, 1979). 
Janzen (1970) and Bawa and Opler (1975) proposed a mechanism 
whereby the dioe~ious habit actually maintains clumped distributions 
of trees. Pistillate trees in a dioecious population can produce 
large~ seed crops (because more resources are devoted to 
seed-maturation) and tend to be separated by larger distances (because 
approximately half the pop~lation produces pollen '18-lone) than a 
hermaphroditic species with equivalent mean tree to ti)e distances. 
Pre-dispersal seed p~edators have further to move bet~~en seed crops, 
some of which escape predation, and they are also satiated more 
quickly, al~owing a larger proportion of tree offspring ~o survive and 
become established closer to the parent. Female trees can further 
escape seed predators by fruitiqg less frequently than annually as, 
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) 
for example, dci Litsea and Diospyros, eliminating the build up of a 
resident seed-predator population and thus enabling a greater 
proportion of seedlings to become established close to the parent. 
This study has examined the effects of female-male distances on 
'· 
pollination efficiency and illustrated some plant-pollinator 
rela~ionships that alleviate potential spatial constraints to breeding 
success in dioecious rainforest trees. Some of the principle~ 
involved may equally well apply to obligately~ out-crossing 
hermaphrodite trees. However, additional competition between self-
and c~oss-pollen ~t the stigma and the fact that nearest neighbours 
(and therefore most likely mates) may be incompatible breeding 
partners may result in spatial pattern having different effects. 
W~e the study illuminates some relationships between spatial 
pattern, flowering time and breeding success in trees with an 
opportunistic pollinat~r fauna, a different set of relationships may 
exist for trees pollinat~d by specialised vectors. 
The ma~erial prese(ted in~his study is available to simulation 
~· 
studies. Population patterns in which bre~ding becomes unsuccessful 
for individuals (i.e. where reproduction = zero) could be modelled 
and the fates of species in forests subject to fragmentation 
predicted. In addition, a prediction of the degree of geographical!' 
isolation between populations which results in breeding isolation may 
contribute to the understanding of speciation processes in diverse 
tropical forest communities. 
trees. But such rainforest trees commonly 
minimising 
effective. 
trees and 
conditions under which 
Highly synchronous flowering 
their 'pollinators contribute 
i 
the 
pollination proces~"~ 
to the efficiency of the 
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Appendix 4-la 
Method for testing the RDF distributions again\t a 
distribution using the chi-squared test for goodness of fit. 
311 
Poisson 
The generated RAND populations should yield RDF distributions 
similar to the Poisson distribution where RDF = 1 for any r. If the 
distribution of the field populations is not uniform random, the RDF 
v~lues will be significantly different from the Poisson distribution. 
RDFs generated by RADIF represent frequencies of neighbour densities. 
The field and RAND populations share the same number of points per 
. ~ 
unit area. However, extreme values for RDF(r), caused by relatively 
high numbers of points in a small area in the corners of the map, are 
artefacts which often occur at maximum values of r (see Table 4-3). } 4 
_Td' eliminate these from the tests, cumulative RDFs were totalled for 
all field and RAND populations until an r was reached where cumulative 
totals for each RAND population were more or less equal to the field 
population of the species concerned. The remaining values were 
excluded from the calculations: Each of these RDF distributions was 
tested against a distribution where RDF = 1 for every r • Since the 
chi-squared test is not sensitive to values less than 1 all RDF$ were 
multiplied by 10 to facilitate interpretation of the probability 
Tables. The results are shown in Table 4-6. 
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Appendix 4-lb N.dPalbata 
RDF values for 36 successive increments (I) for the field population 
(N.d.) and 4 poulations (Nl-N4) whose spatial patterns are hased on 
randomly - generated coordinate pairs: E is the expected value of RDF 
~in a population whose pointz exhibit a poisson distribution. The X 2 
test for goo4nes of fit (X = [(O-E) 2 ) was performed between each N 
I E· 
population and the E population. All values are to 4 decimal places. 
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Appendix 4-lb D. pentamera 
"' 
RDF values for 73 successive increments (I) ~r the field population 
(D.p.) and 4 poulations (Dl-D4) whose spatial patterns are based on 
randomly - generated coordinate pairs. Eis.the expected value of RDF 
in a population whose pointz exhibit a poisson distribution. The xz 
test for goodnes of fit (X = L(0-E) 2 ) was performed between each D 
E 
population and the E population. All values are to 4 decimal places. 
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Appendix 4-lb / .. lr>c.fcana 
RDF values for 54 successive increments (I) for the field populat.ion 
( L. 1.) and 4 popilations (Ll-L4) whose spatial patterns are based on 
randomly - generated coordinat~airs: E is the expe~ted value of ~OF 
in a population whose pointz ex ibit a poisso~ distribution. The X 
test f6r goodnes of fit (X = (O-E) 2 ) was performed between each L 
E 
population and the E population. All values are to 4 decimal places. 
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jJ Appenchx 4-2 Results of spatial analysis using the average nearest neighbour measurement of Clark & Evans (1954). 
See-Legend for explanation of formulae. 
?I N. dealbat~ D. pentamera L. leefeana 
Wongabel Moo min Hallor;an 's Hill Curtain Fig Wongabel 
!'} F M A F M A F M A F M A F M 
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Appendix 4-2 Legend 
N 
p 
.r A 
rE 
• R 
c 
Er 
N 
1 
21 p 
r A 
r E 
~ 
rA-rE 
0.26116 
/Np 
Number of measurements of distance (r) made between 
nearest neighbours in th~ population. 
The dTnsity of individuals in the population. 
The mean distance to nearest neighbour for the 
experimental population. 
The mean distance to nearest neighbour expected in 
an infinity large random distribution of density p . 
Meas~re of the degree to which the observed distribution 
departs from random expectation with respect to the 
distance to nearest neighbour. 
R 1 (random) R = 0 (maximum aggregation) 
R = 2.1491 (uniform). 
Th~ standard~variate of the normal cure. 
The standard error of the mean distance to nearest 
neighbour in a randomly distributed population of 
density p. 
c values of 1.96 represents 5% level of significance. 
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Appendix 5-1 Litter trap areas for N. dealbata, D. pentamera 
and L. leefeana experimental trees. 
.. N. clealbata D. e_entamera L. leefearta 
Tree Trap 2 Tree 
Trnp 2 Tree 
Trap 2 
Ar,.ea (m ) I Area (m ) Area (m ) 
{ 0. 74 
) 
95 6 0.78 33 o. 70 
92 ' 0.80 4 0.75 34 0.73 
91 0. 73 5 0.81 35 0.85 J. 
88 0.79 12 o;ss 37 0.94 
73 0.80 13 0.60 07, 
0.89 
75 0. 72 15 0.80 14.3 0. 75 
78 0. 77 17 0.82 Hll 
0.92 
45 'o.6; 22 0.84 1113 b.95 
83 o. 76 23.., 0.64 5.2 
0.90. 
84 0. 71 51 0.66 3.6 
0.92 
76 o. 75 50 o. 77 3 .1 
0.96 
40 0. 71 48 0.76 4.8 
0.95 
.-
39 o. 71 40 0.79 14. 11 
. 0.90 
34 :; 0.69· 42 0. 73 NB 0.60 
59 o. 70 45 1.07 38 
0.90 
111. 0.61 27 o. 74 
30 0.62 ~6 0.76 
6 o. 71 28 0.70 
67 0.75 35 0.63 
23 0.65 34 o. 71 
24 o. 72 
14 o.51 
(I 
13 'o. 70 J 
113 0.60 
' 112 0.63 -cJ 
c 0.76 
D 1.1 
'~ 0.70 0.69 
\ 
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A11rr11t!lx ~-2A D. r~nrnm~ra: Flower total~ trnpped pPr trnp prr dfly for rn,·h rollrrtion period for 
female and male trres. 
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IJ 
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Appendix 5-2b D. pentBmera: Whole and corolla-less flowers trapped per trap per day for each ~oLlection 
period for female trees. 
No. dnys 1 
Collection 
Tree 
4 
12 
l3 
L5 
17 
45 
28 
)4 
35 
Mean (n=7) · 0 
±2 S.D. 0 
Tree 
4 
12 
13 
15 
17 
45 
28 
34 
35 
Mean (n=7) 
±2 S. D. 
0 
0 
3 
2 
0 
0 
0 
0 
2 
3 
0 
0 
0 
0 
1 
4 
0 
0 
!. 7 
0 
0 
0 
4.2 
0 
0 
0.9 
0.8 
2.8 
0 
0 
0 
l.8 
0 
0 
1 
6 
0.5 
0 
9.1 
0 
0 
0 
1.4 
0 
0 
7 
7 8 
7 
9 10 
Flowers with corollas 
4.2 6.~ 
0.7 1.0 
8.3 12.4 
0 0 
0 
0.1 
3.2 
0 
4.6 
0.5 
0.1 
0.8 
0 
0.5 
1.4 
5.5 
17.5 
0 
1.4 
5.1 
2.2 
0 
1.6 
!. 2 
6. 5 
7.3 
0 
!. 7 
3.6 
6.2 
0 
o. 7 
'7 
II 
1.0 
I!. 3 
9.0 
0 
2.2 
2.5 
1.0 
0 
0 
7 
12 
2.0 
8.4 
8.0 
0 
4.1 
7 ,B 
0.4 
0 
2.3 
0.8 0.9 1.6 2.6 3.L 5.0 3.9 3.9 4.,7 
1.6 1.1 3.4 3.2 4,6 6.0 2.B 4,4 3.3 
0 
0 
0 
0 
0 
0 
Flowers without corollas 
!. I 
0 
0 
0 
0 
0 
0 
0 
0 
0.2 
0.4 
·a.4 
o. 2 
0.2 
o' 
0 
0 
0.2 
0 
0 
0.1 
0.2 
3.0 
0.5 
1.2 
0 
0.9 
0.4 
I. 2 
0 
0.2 
1.1 
0.9 
l. L 
0.2 
2;4 
0 
0.9 
0.3 
3.5 
0 
2.1 
1. 5 
l.2 
0.2 
5.9 
13.4 
0 
3,0 
0.5 
2.0 
0 
3.0 
4.0 
4.6 
2.1 
8.1 
7.9 
0 
4.0 
2.4 
3.7 
0 
0.5 
4.1 
2;9 
7 
13 
0.2 
7.7 
0 
0 
5.8 
2.1 
0.4 
0 
1.4 
LO 
14 
0 
0.4 
0.3 
0 
0.6 
1. 7 
0.3 
0 
0.3 
7 
15 
0 
0.2 
0 
0 
20 
16 
0 
0 
Cl.I 
0 
1.7 0.2 
0.1 0 
0 0 
0 0 
o. 7 ,,, 1.0 
2.5 0.5 0,4 0.2 
3.0 0,6 0.6 0.4 
2.1 
L4.7 
15.7 
0 
B.2 
4.9 
0.6 
0 
4.6 
7 ."2 
5.9 
0.3 
I. 7 
3.5 
0 
0.6 
0.9 
0,6 
0 
LO 
1.2 
1:1 
11? 
0.4 
I. 7 
5.0 
0 
1.2 
1.3 
0.2 
0 
0.9 
I. 5 
!. 6' 
3. I 
4.3 
0 
3.1 
0.3 
0.2 
0 ""' 0.6 
I. 7 
l.8 
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AppPndix 'i-2l N dr>nl/>Mn: Flowrrs trnpped pPr trnp pPr dny for earh collection period for male 
nnd r~male trees. 
Collert-
i ''" 
Tr Pe 
Rl 
n 
RR 
Ql 
<Vi 
h 
h7 
Ill 
11. 
21 
11 l 
A 
7A 
7 'i 
~2 
'i9 
24 
l l 2 
ll 
c 
D 
30 
40 
45 
Hean 
0 
. n 
() 
fl 
1 .Fl7 
() 
0 
2. 3 l 
0 
0 
0 
0.4 
0 
() 
0 
() 
0 
0 
0 
(l 
I) 
0 
0 
0 
0 
0 
0 
0 
0 
0 
9 
4 fl 9 10 
11 12 14 
fble trees 
17.115 144.10 571.50 725.71 161.14 fl7.41 4fl.00 6.71 0.80 2.89 0.41 
6.31 0.50 13.17 160.57 l5A.29 221.43 67.86 25.86 Bl.20 12.56 8.43 
0 O.Rl 6.33 78.29 111.57 \Ofl.l,3 61.43 27.00 77.20 16.89 14.29 
11.86 
7 .fl6 
14.29 
58. 71 
2.29 
4.29 
6.71 
16.57 () 2.67 0 lfl9.00 109.41 295.41 158.43 49.71 131.60 56.13 66.71 
71.00 30.00 39.51 
70.40 43.78 21.14 
3.80 6.78 2.29 
18.29 16.86 
14.14 42.29 
4. 71 21.00 
7.00 \27.33 210.33 485.86 43.29 687.29 212.29 21.29 
14.oo 105.67 loS.50 loss.14 26A.29 s21.14 151,00 18.29 
11.00 110.17 95.17 175.00 45.17 99.00 'i0.43 49.57 
12.50 318.00 54.29 261.43 135.80 34.00 \A.00 26.44 3.29 9.14 57.41 
17.81 57.71 1.14 112.71 12.00 4.14 21.40 0.78 1.57 0.71 1.71 
21.00 123.14 249.00 65'i.OO 300.00 120.86 80.00 19.78 34.00 22.00 44,86 
78.00 510.43 678.29 J'J(X).00 779.71 128.57 158.40 40.78 36.86 26.86 25.00 
1.00 
1.50 
1. 11 
O.Rl 
0.67 
6.50 
o.A1 
I.Al 
4.67 
6.83 8.33 l0.43 2.86 0 0 0 0. 0 
0 0 0 
B.9 17.9 99.9 374.1 !B0.7 298.S 165.6 \.42.2 61.2 21.4 19.0 !B.2 20.1 
0 
0 
0 
[) 
0 
0 
0 
0.17 
n 
() 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0.83 
0 
0 
0 
0 
ci 
0 
0.1 
Female trees 
1.83 87.00 27.29 247.43 114.71 28.43 14.60 30.56 24.71 40.29 
2.BO 12.89 0,43 0.57 
IS.BO 23.00 16.71 7.86 
0 5.14 2.43 12.57 13.00 3.29 
0 27.57 13.43 63.00 29.14 22.29 
0 4.00 l.43 4.29 11.00 2.86 2.00 2.56 0.29 3.29 
0 l.29 2.57 23.14 38.00 B.00 3.60 0.56 6.14 6.14 
3.00 4.71 
4.14 3.57 
o. 14 l. 14 
0.43 0.14 
Q,43 4.43 
10.86· ro.86 
2.67 
0 
1. 17 
0 
a.so 
3.67 
0 
0 
0 
0 
0 
0 
8.29 
12.57 
0.42 
0.57 
17.29 
21. 57 
0.14 
5.57 
0 
0 
0 
0 
0.5 10.4 
l.57 3.43 13.29 
1.43 11.71 20.00 
1. 29 15. 71 10.43 
0.86 5.57 3.29 
3.57 14.14 17.86 
9.00 35.43 39.86 
5.43 0.57 l .29 
3.00 ·Q.43 1.00 
0 
0 
14.71 
2.29 
0.43 0.14 
3.29 6.43 
23.71' 14.71 
53.39 72.43 
4 
5;3 .30.6 33.9 
s.oo 
4.00 
0.43 
0.14 
1.14 
I 5.14 
1.40 
1.20 
0 
0 
0.60 
2.BO 
0.14 0 
1.14 0 
1.14 0 
1.57 2.00 
0.67 
2.00 
l. 22 
0 
0.89 
3.56 
0 () 
0 0.43 
0 0 
1.22 1.14 
3.43 48.20 24.22 23.14 
li.5i 22.60 9.22 12.29 
6.1 7.1 4.8 5.8 
1.00 
o.<\4 
0 
0.29 
6.86 
8. 71 
5.9 
7.43 
o. 57 
5.86 
2.41 
1. 29 
0.14 
0.14 
0 
0 
Q, 14 
0.86 
0 
0 
0 
0 
0.41 
3.57 
I. 3 
Appendix 5-2d L. leefeana: Flowers trapped per trap per day for each 
collection period in 1982 and 1983 for mar and female 
trees. 
No. days 3 5 4 5 5 7 8 6 8 12 
14 
Collect- 2' 3 4 5 6 7 8 9 10 11 
ion 
1982 Male trees 
37 4.0 9.0 66.3 8.6 17.2 9. 1 5. 1 2.6 2.8 0.6 
0.2 
36 3.7 6.6 85.5 13.6 20.2 10.4 4.5 4.4 3.7 
0.5 1.1 
14.11 0 4.0 10.5 1.3 2.2 1.3 0 0.2 0 
0 0 
4.8 0 0.2 2.2 0 0.7 0.2 0 0 0 
0 0 
NS 0.6 0.6 1.4 0 1.5 0.7 0.8 0 0.6 
0 0 
3 .1 0 1.8 8.5 0.7 4.6 13.0 3.7 2.6 
0.8 0.1 0 
J Mean 1.4 3.7 29.1 4.0 7.7 5.8 2.4 1.6 1.3 0.2 0.2 
Female trees 
3 .1 0 0 0.3 0.4 0 0 0 
0.3 0 0 0 
38 0 0 0.4 0.2 0 0 0 0 
0 0 0 
35 0 0 3.0 0.2 1.3 0.3 1. 7 0.6 
1.0 0.6 0 
33 0 3.7 11.0 12.3 5.1 3.0 0.6 1.1 
1.1 0 0.1 
Mean 0 0.9 3.7 3.3 1.6 0.8 0.6 0.5 0.7 0.2 
o.m 
1983 Male trees 
Female trees 
37 54.4 271.5 357.6 152.l 151. l 35 8.6 
26.9 20.1 15.5 52.4 
., 1.04 18.7 30.3 79.7 144.1 3.6 0 0 
0 2.3 4.8 
3' 1 
4.8 0 1. 2 3.3 12.2 14.3 5.2 0 
0 1.3 11.5 17.9 
Hl3 2.1 29.7 17.3 7.6 3.9 33 
0.7 2.7 5.5 14.8· 15.3 
>1 34 0 16.1 21. 7 14.6 3.5 Hll 
0.3 2.3 1.5 2.6 3.1 
:,;' 07 0.8 4.3 2.8 6 .1 
4.3 
Mean 11. 5 67.4 85.0 53.2 74.0 Mean 
1. 7 6.0 5.2 8.8 16.3 
11"'" 
,.9 .~ 
~-
. 
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Appendix 6-1 Proportions of aborted styles containing pollen tubes 
.in N. dealbata and D. pentamera. 
a. N. dealbata 
pollen tubes in styles 
Tree n· +ve % -t.ve 
112 65 9 13.8 
76 60 5 8. :i 
34 47 1 2.1 
39 80 4 5.0 
84 38 5 13.2 
78 44 6 13.6 ,.._ 
j 
75 33 3 9.1 
92 60 4 6.7 
59 34 5 14.7 
13 23 3 13.0 
24 6Cl 11 18.3 
B 23 1 4.3 
c 40 0 0.0 
D ' 18 0 0.0 / 
30 I 20 2 10.0 ( r-, 
40 60 5 8.0 
45 70 7 10.0 
b. D. pentamera pollen tubes in styles 
n ;-ve % t:ve 
with 54 0 0 
corollas 
without 35 18 51.4 
corollas 
-;, 
') '] c 
~ 
·1.·· 
1:. 
' )~- .~ .·.: -. · .. ··r·,. 
I, ·:·• 
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Appendix 7-1 Methodolgy for insect and pollen sampling 
Construction of sticky screens 
Insect traps were constructed from galvanised mesh ("Handyman 
mesh", Waratah, Australian wire. Industries Ltd.) with a mesh size of 
12.S.x 12.S mm. and wire diameter of 0.8mm. Fifty screens 400 x 
250mm. were cut, giving each a trap area of Q.l metre squared. A 
curtain ring was attached to the mid-point of the"top and bottom of 
each screen and a length of Smm diameter nylon cord tied to each ring. 
Screens were painted with "Tangle-Trap'' insect trapping adhesive 
' (Tanglefoot company, U.S.A.) so that the wire was completely coated. 
To position the screens in the trees, nylon fishing line attached to a 
lead sinker was fired over a branch using a sling-shot. The cord from 
one end of the screen was attached to the fishing line and the latter 
pulled in, hauling the screen up to the canopy. When the desired 
position 'was reached, the two cord ends were tied together and 
secured, usually around the tree bole. Screens were changed by 
pulling on the lower cord and clipping the rings onto the ~new screen 
(Appendix 7-lb) . 
. 
Light trap construction. 
The light trap was designed by T.D. St.George and H.A. Standfast 
(Queensland Department of Primary Industries Bulletin QB83001) and is 
inverted and 
Nylon cord was 
was positioned 
illustrated in Appendix 7-lc. The battery housing was 
held above the trap when in position on the branch. 
attached to the battery and the trap; the whole unit 
in the same manner as the screens. A stouter branch was required to 
hold the trap, so it could not be positioned very close to the flowers 
on the outer crown surface. 
Determining trap heights 
Trap heights (Appendix 7-2) were measured by tying a 30m tape to the 
trap and rec~rding the reading at ground }evel when the screen was in 
position. 
Washing insects from the screens 
Screens were transported from the field in a carry-box with dividers, 
which prevented contamination between screens. Insects were removed 
by soaking the screens in kerosene baths constructed from large (60 x 
SOcm) metal glasshouse trays. After 10-20 minutes submersion in the 
kerosene, insects still attached to the screens .were gently removed 
323 
with a soft brush. The kerosene containing insects was filtered 
through nylon mesh and the insects preserved in 70% ethanol. 
Polle~ extraction 
A sample of 10 to 50 insects was picked from each screen, placed in 
kerosene and stored while the Tangle-Trap dissolved in the kerosene. 
The kerosene, containing dissolved Tangle-Trap and pollen, was 
filtered through 13mm diameter Sartorius cellulose nitrate membranl' 
filters (type SM11301) with pore size: 8.0.J-4'Y' •ti Millipore filtration 
apparatus was used in conjunction with a hand-operated vacuum pump 
' 
(see Appendix 7-ld). Each sa~ple was filtered separately and the 
appparatus flushed through with clean kerosene to remove all pollen 
grains and avoid contaminating subsequent samples. The filters were 
oven dried at 60° C for 20 minutes to one hour, mounted on glass 
slides, then 'cleared' with non-drying immersion oil (nD 23°( =l. 5. 50). 
Coverslips were placed over the filters to spread the oil and secured \ 
with clear nail varnish. The slides could then be stored indefinitely 
until read. 
Pollen grains are unaffected by kerosene. Reference slides were 
made from flowers of the experimental species. Pollen was counted 
using x20 and x40 objectives. Total counts were made, except where 
enormous quantities of pollen (usually carried by Apis mellifera) made 
it practical to use only one third ~of the slide. Corbiculae were 
removed from A. mellifera before washin~, since the pollen ihere is 
not available for pollination. The presence an~ relative·frequen~y of 
'foreign' pollen grains (i.e. pollen from species other tban the one 
at which the insect was found) was determined for each sample. 
ll 
'' 
1 
L 
cur ta in ring 
~ 
-nylon cord 
Q 
1cm mesh screen 
(40 x 25cm) 
Appendix 7-la Construction and positioning of sticky 
insect· frap. 
' .. 
'' 
•' 
light 
4.5-6v motor 
gauze --------
70% alcohol 
10 cm 
l _i ght 
sensor 
Appendix 7-lb Light trap and fan. 
battery\ 
housing 
'I' 
I 
plastic tubing 
J 
r~bber tube 
f i 1 t rat ion uni t 
rubber bung - -
f 1 ask 
plastic tubing 
') 
!) 
/ 
I ) 
~- _ _..,-------
I 
f i 1 t er 
J 
/~·· 
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Cross section of 
\ewer half of filtration 
unit. Fi 1 ter placed In 
position. 
plastic tubing to 
vacuum pump 
~and operated 
( 
/"'"""'""' 
pressure release 
Appendix 7-lc Millipore filtration unit. 
•. 
( 
~ 
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Appendix 7~2 Heights of insect traps in experimental trees. 
(Heights to base of the screens). ~i 
D. pentamera N. dealbata L. leefeana 
Tree Height (m) Tree Height (m) Tree Height (m) 
iJ 5 10 .17 c51 73 11.20 6' 36A 21.69 
26 13.94 83 13.90 36B 21.24 
6 10.70 111 11.60 
0
}. lA 19.64 
22 10.14 6 6.50 3. lB 18.50 
23 18.43 23 7.85 4.8A 19.96 
51 15.83 113 7.25 4.8B 16.58 
50 18.33 A 7.60 ~ 35A 25.04 
48 22. 74 ~ 92 13.85 35B 19.70 
42 14.67 78 12.90 33A 19.60 
40 11. 55 84 11.85 33B 19.50 
27 19.22 34 12.40 Light trap (33) 19.50 
59 9.75 Cl A 18.00 
~ 12 13.07 30 2.90 ClB 16.55 
13 10.70 24 10.W n .f 5.2A 20.00 
15 9.78 112 6.40 5.2B 19.20 
17 14.38 c 3.0 13.5A 18.50 
45 12.70 B 3.0 13.5B 16.93 
28 16.36 D 4 .• 05 34A 19.30 
34 12.57 34B 21.80 • 
35 17.81 n f D. australis 8.50 Hl3A 19.60 ~ 
4 9. 71 L. leefeana 11.85 Hl3B 17.70 
C. australe 6.30 HllA 19. 30. 
D. repandula 10.10 HllB 16.70 
n.f: non-flowering trees 
\ 
0 
Appendix 7-3 Flower litter and insect collection dates 
for L. leefeana N. dealbata and O. pentamera. 
L. leeteana 
1982 
~· . 
from 15.02.82 
18.02.82 
21.02.82 
24.02.82 
27.02.82 
1983 
2.03.82 
7.03,82 
12.03.82 
17.03.82 
23.03.82 
31.03.82 
7.04.82 
14.04.82 
28.04.82 
14.05.82 
* 
from 4.02.83 Insects 
to 19.02.83 only 
N. dealbata 
19.82 
from '20.04.82 
~ __36.04.82 
,_, 
2.05.82 
8.05.82 
14.05.82 
21.05 .82 
28.05.82 
4.06.82 
;9~ 
from .5 .o~. 8 
to 10.06.$ 
'* Covers flowering phase 
. ' 
* 
' Insects 
only 
/ 
·• 
D. Pentamera 
1982-3 
from 14.10.82 
17.10.82 
20.10.82 
22.10.82 
25.10.82 
28.10.82 
31.10.82 
7.11.82 
14.11.82¢ 
21.11.82 
28.11.82 
4 . .12 .82 
11.12.82 
18.12 .82 
28.1'2.82 
3.01.~3 
23,01.83 
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,\ppPn<lix 7-4a N. df'filb~'tn: Insect "'90nts• per trnp pH clay for !rt<liv!dual trees in 1982 and !9RJ. Mr~ns for male, female; all flowering (male nnd frmnle) and nnn-llowPrlng (n.f.) trees. 
Snmpl~ng interval (days) In bracket,, 
Collrct1nn - 1982 
2(6) '3(6) 
H D" T C Ii D 
I ( h) 
Ii D T' c 
T c 
4(nl 
II D . 
12. J . 4 .-3 
cS n l 3. 2 
3.2 
2. 7 
10.2 
18.8 
2 • 7 2 2. 'i 38. 4 
2. 0 I 5. 7 20. <J 
2.7 IB.7 24.l 
l.2 11.0 22.'· 
l.7 25.0 45.4 
15.8 
l.1 
1.8 
5.0 
5 , 0 , 313. 5 '>9. 3 
0.5 15.J 17.l 
0.3. 10.2 12.3 
1.2 10.2 ,16.4 
3.0 25.3 42.3 
l .O 4.3 5.6 
15.8 5:2 49.5 10.5 
5 • 2 2 • 3 30. 5 38. 0 8.8 2.2 
52.0 68.6 
10. 5 ii. 5 
36.8 48.'2 
11.8 17.3 
10. J 17. 5 
6~7 0.7 "12.8 20.2 9.2 2.2 11 1 
21 
111 
81 
A 
16.1, · o.8 n.2 10.3 
12.5 1.7 ~0.7 44.9 
J,5 2.0 
3. 5 1._7 
1·4 .0 
0.3 2.2 0.3 5.7 8.2 
I~ 0.5 a·.o ·10.3 
0.5 16.0 20.7' 2.7 3.0 27.8 33.5 
~ 112 k2 l. 2 8. 5 
2. 3 . 20. 7 
10.9 
29.2 
11.9 
34.i 
I. 2. 
4·, 5 
1.0 
3.7 
1.8 
I.~ 
4.J; 
1.'9 
0.8 
0.8 
1.3 
0.8 10.3 12.3 
1.3 16.-1' 22.0 
1.0 8.8 10.8 
1.0 -13.0 17.7 
4.2 
3.0 
!. 2 
4.3 
9.8 
3.7 
8.0 
2.5 
o.? 
1.0 
0.3 
uo 17.i 22.2 9.0 2.2 12.5 123'.7 
2.8 10.7 IS.7 R4 6.2 
39 3. 7 
7R 4. 7 
q2 l. 2 
75 2. 3 
59 2.5 
24 I. 5 
ll 
c 
l~ / 
I. 2 7 .o 
1.0 16. 5 
2 .o 5.8 
1.2 4.2 
1.0 7.0 
I. 2 6. 2 
9.0 
9.7 
10.5 
8.9 
0.3 5.7 7.8 
o. )> 4. J 5.9 
0.7 7.1 12.0 
0.8 5.0 7.7 
1.3 10.0 12.0 
1.0 1s.5 20.J 
0.3 11.0 12.6 
25.0 33.1 
1~0 9.3 11.5 2.2 
o.8 · 6.7 11~1.5 
1.2 25.5" 36.5 7.2 
1.2 10.S 15.4. 1.5 
0.3 4,8' 14. l 5.2 
0. 5• 8. 7 11. 7 5. 5 
,0.2 ·6.8 7.7 {>.8 
0.0 6.3 7.3 1.0 
0.2 8.5 9.0 0.8 
2.4 
1.5 8.3 13.3 
0.8 12.8 20.8 -· 
2.3 .7-0 10.8 
1.8 17 .o 24.0 
3.7 10.7 19.9 
0.5 1.3 2.6 
0.5 1.5 3.0 
1.5 • 2.3 4.,6 
2.5 2&. I 30.0 
n. f 5.8 
o. 7 
2.5 
o. 7 7.3 8.7 
2.4 
1.0 
2. 5 25.1 
o. s 1.8 
30.0 
5.3 
. ·' 
n.f 
n. f 
n. f 4 
x (,' 
' 'f 
xd'.+<f 
X n. f 
q,b 
2.9 
fi. 3 
2. I 
1.4 
1.8 
18.6 
9.5 
14. I 
2,,2 
O,R 
1. 5 
1.6 
Collections - 1982 
17. 3 Z.,"-i 
10.0 12.9 
n:"'I 19.4 
16.2 21.0 
9.8 
~ 
/ 
1.8 21.'7 35.3 
0.7 11,.5 15.7 
1.3 17.ft 25.6 
1.5 14.'5 17.7 
6.4 
3.6 
' 5.0 
'·2 ,4 
~ 
2.5 21.7 
1.9 10. 2 
2.2 16.0 
2.9' 25.1 
Tree code Total 
~ollections - 1983 (7) 
Tree code Total 
JO.b 
15.6 
2). 2 
30.0 
5(7) 6(6) 
~-c~~-H~~-D~~-T~-~~c-.~· _H~~-D~~-T~-
1.3 5.7 10.1 2.3 1.6 4.9 8.8 23 
91 
73 
83, 
Ill 
540 
132 
105 
200 
n,[ p ''\i4 
147 O' 6 
113 
23 
Ill 
fl] 
A 
If 112 
84 
39 
78 
• 92 
75 
59 
24 
B 
c 
D 
30 
n. f 
n, f 2 
n.f 3 
n.f 4 
x ~ 
x ~ 
x T 
X n.f 
3.1 
7.6 
2.4 
1.1 
3,0 
0.6 
0.9 13.l 21.6 1.4 0.3 2.9 4.6 
5.7 
7.4 
5.1 
4.1 
6.4 
8.6 
6.1 
5.1 
1.6 
1.9 
2.9 
2.6 
2.4 
2.1 
2.3 
2 ,9-
1. 9 
2.9 
0.1 
0:6 
2 .o 
I. 7 
3.7 
. I. I 
0.9 .8.3 11.6 
0.4 5.2 6. 7 
0,4 5.1 8.5 
0.4 5.0 6.0 
0.9 J0.6 13.1 
1.0 7.4 9.5 
I. 7 14.6 19.2 
2.0 11.9 16.5 
O. l 7 •. 7 20. 2 
0.0 6.6 8~ 
0.4 4.0 6. 7 
0.9 9.3 13. I 
O.l 2.7 4,7 
I.I 4,0 8.0 
0.3 0.4 • 0.8 
0.4 4.\ 5,1 
o.o 
o. 7 
0.6 
0.1 
3. I· 
11.0 
6.9 
2.4 
5.1 
13.4 
11. 2 
3.6. 
3.0 0.7 7.1 10.8 
6.6 10.1 
6.9 10.2 
5.9 8.3 
2 ,8 0. 7 
2.6 0.7 
2. l 0.4 
o. 7 . o.o 
0.9 ·"~ 3 ~:ya~ 
1.7 1.0 
l._9 \ ;4 
1.7 0,4 
0.9 0.9 
2.3 O. l 
1.6 0 .. 1 
1.3 0.4 
I.I I.Ct 
0.4 0.3 
0.9 0.4 
o.o 0.1 
0.6 o. 3 
2.0 ll.] 
1.0 0.1 
1.9 0'.0 
.,J6 0.1 
6.9 
5.4 
9.9 
9.0 
2.0 
1.0 
9.4 
7.3 
12.6 
6.7 
0.1 
8.3 
[I. 4 
J.9 
4.7 
4,1 
9.6 
8. 7 
12.0 
10.8 
4.4 
2.7 
12 .1 
9.4 
13.3 
8.0 
0.2 
9.2 
I 3. 7 
5.0 
6.6 
6.4 I/ 
I. I 
1.2 
1.2 
1.6 
0.5 5.0 6.6 
0.3 6.5 8.4 
0.4 . 5.8 7.4 
0.1 6.2 7.9 
173 
113 
A 
331 
230 
24 
92 
78 
c 
B 
2~7v 
171 
H 
285 
76 
35 
"75 
274 
104 
39 
75. 
188 
158 
74 
47 
'·57 
4.6 
120 
70 
252 
36 
'ii 
160 
"" e 
d ,.11 l 
b 34 
·h 71 
45 
0 38 
g 13 
l 32 
a · 64 
n 31# 
39 
c ~ 57 
f 32 
m 43 
65 
.. k 35 
q 85 
x c3' 157.9 ncio 
x '!f. I 04. 9 n= 12 
x ?+ ~ 131.4 n=22 
x n.f /58.6 n=l8 
.· 
' 
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fl.ppPndlX 7-.J-tb n. pf'nt11me,..n: lnSf'Ct rounts per trAp pC'r d<lV for indiv1dunl tre£>S 1 mPflT\S for rrir116.', female 
~ 11nrl Ftll trf>PS, SRmpling interval ln brackrtc; (in dRys)» 
/'\ 
' Collrctlon 
l'rt•P I ( 1 ) 2 ( 1) 1 ( 2 ) ' 4 ('l} 5 (3) 
' p;jp _tc_: _ _:.:.H _ _::.D _ __.0_ ,,-- -'c"-----'H"--.~"-D-~T- __:C,____:lc...I __ D,,__.,_T __ c'--_H:;__:;.-D _ __,_T __ c::___H:;__.::_D_-'.T_ 
a 21 
,..)1 
5 
27 
26 
4() 
7l 
h 
~ 4 
15 
I\ 
I 2 
I 7 
(, 2. 7 
2. l 2 .u 
2. 1 fl. 7 
I. l l. 1 
U. 7 ·D. 7 
1.1 0.7 
7.7 11.0 
2. 1 6 .f> 
I .o, -4 .O 
4.D f>.6 
2.3 3.7 
o. 7 2. 7 
2.7 0.7 1.0 6.4 
<i.1 n.1 ?.7 1.1 
·i.n o.3. 2.0 .5, 1 
2.1 0.1 2.0 4.6 
1.7 0,2 'i.O 8.0 
2R 
4'i 
\'i 
4 . 0 6 . O I I. 7 2 I. 7<' 
1.7 2.3 6.7 10.7 
1.6 1.0 4.1 6.9 
2.7 4.0 1.0 9.7 
2.1 2.7 4.0 9.0 
2.0 0.7 4.7 6.7 
4.0 0.7 1.7 8.4 
1.3 0.7. 12.1 14.3 
2.1 1.0 2.3 5.5 
x o.., 2. I 
x<f 2.4 
x T 2. 2 
c 
1,2 2.7 5.7 
2.1 5.8 10.3 
1.6 4.1 7.8 
6(3} 
H D T 
& 21 29.7 10.3 22.7 62.7 
50 4.7 3.0 \9,7 27.4 
51 • 'i. 7 7. 7 13. 3 26. 7 
48. 3.3 3.7 14.7 21.1 
5 3.7 0.7 1.3 5.7 
27 2.7 1.0 5.7 9.4 
26 7.3 5.7 23.7 36.7 
42 4.3 0.3 7.3 JJ.9 
40 I. 7 2. 7 7. 7 12. 1 
22 3.3 2.7 8.7 14.7 
6 3.3 0.3 2.7 6.3 
'¥ 4 6.3 5.0 6. 7 18.0 
35 3.7 2.7 7,3 13.7 
.. _ - - ... 13 3. 3 0. 0 I. 3 4. 6 
12 4\.? 2.3 8.0 14.3 
17 2.7'-·-4-:3 5.7 12.7 
34 1.3 0.7 4.3 6.3 
28 10.3 o.o 2.0 12.3 
45 2.3 2.0 5.0 9.3 
IS 3.3 0.3 4.3 7.9 
11.1 7.7 21:0 50.0 
2 .J. '\ . 7 2 . 7 I I . I 
3.0 1.0 h.7 12.7 
0.1 1.0 2.3 1.6 
4.0 1.3 2.3 7.6 
1.7 2.7 5.7 !\.I 
3.7 1.1 26;0 ]3.0 
1.1 1.1 4.7 7.1 
1.0 1.7 4.0 8.7 
2.1 \.0 4.1 7.4 
1.7 0.7 4,7 9.1 
'i.O 6.1 5.1 !n.6 
2.0 1.7 2.0 ~.7 
2.3 1.3 1.0 4,6 
7.7 3.1 7.7 18.7 
1.3 4.7 5.0 11.0 
\.0 2.0 \\,3 \4.) 
3.7 1.0 4.3 9.0 
1.0 0.1 5.3 ·s.6 
2.0 1.0 1.3 4.3 
1.1 2.6 7.9 14.7 
3.2 2.4 4.8 10.3 
3.3 2.6 6.5 12.7 
22.0 10.0 52.0 84.0 
3.b h.'\ 2.'\ 12.0 
1.0 9.fl 7.0 17.0 
3.0 2.0 1.5 8.5 
1.5 1.0 s.o 7.5 
2.0 2.0 7.0 11.0 
6.0 2.5 8.5 17,0 
3.0 tl,5 R.'i 12.0 
3.5 2.5 3.0 9.0 
1.5 2.0 9.0 14.5 
2.5 0.5 7.0 10.0 
7.5 1.5 4.0 12.S 
5.8 1.5 9.5 18.5 
4.0 0.0 1.5 5.5 
4.0 3.5 J.O 10.5 
1.5 I.0 5.0 7.5 
13.0 4.0 9.0 26.0 
5.0 3.5 4.5 13'.,0 
2. 5 3. 5 3 .. o 9 .0 
2.0 4.o 16.5 .22.5 
4.6 3.5 10.3 18.4 
s.o 2.7 6.2 13.9 
. 4.8 3.2 8.5 16.5 
11.1 2.0 1.7 11.7 
2.7 2.7 'l,0,1).4 
1.0 1.vt".~ 16.7 
],7 2tti 2.0 7,7 
1.3 1.0 5.0 7.3 
2.0 2.7 6.0 10.7 
7.3 4.1 15.0 26.6 
2.7 0.7 1.1 4.7 
1.0 1.7 2.0 4.7 
1.0. 1.3 14.7 19.0 
\.0 0.3 1.7 1.0 
3.7 1.0 0.1 5.0 
4.7 1.0 2.7 8.4 
3.0 2.7 2.7. 8.4 
4.3 3.3 9.1 16.9 
,1.7 1.7 2.7 8.1 
4.7 ].7 6.7 13.1 
4.7 2.3 2.7 10.7 
3.0 1.7 6.3 11.0 
1.7 0.3 4.7 6.7 
3.9 2.0 5.9 11.8 
1.1 1~1 4.2 9.e 
3.8 1.9 5.2 10.9 
15.3 1(.7 13.7 60.7 
'i ,II f,. 1 5. 7 I 7'_ 0 
'i.O 7.7 A.fl 20 .. 7 
1.7 1.0 10.7 13.4 
0.3 2.0 3.7 6.0 
3.7 0.0 5.0 8.7 
8.3. 3.3 30.3 41.9 
1.7 2.1 · s.~ 1.1 
3.7 2.0 8.3 14.0 
'2.0 0.3 5.3 7.6 
0.7 0.7 4.7 6.1 
0.3 2.0 6.0 8.3 
4.0 0.3 8.0 12.3 
1.7 2.0 R.l 10.4 
s.o 1.3 ). 7 10.0 
3.3 d.3 6.3 12.t. 
1.7 0.3- 1.7 5.7 
4.3 1.0 "4.3 8.6 
4.0 2.0 8.0 14.0 
1.0 0.7 0.3 2.0 
5 . 8 3 . 4"' ti . 0 20. 2 
3.0, 1 .. 4 s .0 .'9.4 
4.4 2.'4 7.5 1'4.3 
"l(7} ~- 10(7} 
c 
7(7) 
H D T c 
sen 
tl D T' .. ,_c=--_H:;__=-D _ __,_T __ c=----'H"-_=-o _ __,_T_ 
8.0 4.6 40.9 53.5 
8.7 12.0 27.3 47.9 
18.3 11.3 19.4 49.0 
28.0 5.4 70.6 103.9 
8. I 5. 7 I!. I 24. 9 
9.7 4.0 14.7 ~8.4 
3.6. 3.6 10.l 17.3 
J.6 2.0 4.1 7,7 
1.1 1.9 ·s.9 10.9 
rg;~.3 27.7 54.3 
2.4 .6 2.3 5.3 
2.0 I 0 6.3 9.3 
3.0 0.6 11.3 14.9 
2.9 0.9 3.3 7.1 
.3.3 2.6 8.7 14.6 
3.7 1.0 3.9 8.6 
2.3 0.9 2.4 5.6 
4.3 2.7 5.0 12.0 
3.6 2.0 5.6 11.2 
1.7 1.9 4.0 7.6 
2.7 0.7 2.4 5.8 
2.7 .J.0 J.7 5.4 
2.3 3.3 5.3 10.9 
IS.I 4.4 20.0 39.4 
18.9 13.l 33.4 65.4 
38.9 6.3 16.4 61.6 
66~9 5.6 10.0 82.S 
6.7 3.7 17.6 27.6 
8.3 I.I 6.1 15.S 
14.9 S'.3 17.3 37.S 
1.7 1.0 3.9 6.6 
1.7 0.9 2.0 4.6 
4.1 2.0 6.1 12.2 
2.9 1.9 2.0 '6.8 
3.7 2.3 1.0 7.0 
5.6 1.1 1.6 8.3 
2.6 1.0 2.9 6.5 
4.6 2.4 6.3 13.3 
2.4 2.1 4.3 8.8 
2.0 1.6 1.4 s.o 
5.1 2.4 4.0 11.5 
3.4 1.4 3.0 7.8 
2.3 4.7 2.3 9.3 
5.0. 5.7 25.2 36.0 
21.9 JJ.6 18.4 51.9 
28.6 5.7 12.7 47.0 
4.7 5.4 9.3 19.4 
to 22;9 6.7 11.6 
5.6 0.9 3.9 10.4 
12.9 3.1 JS.6 31.6 
33.7 5.1 3.0 41.8 
2.0 1.1 2.6 5.7 
3.1 0.6 6.1 9.8 
1.6 I.I 2.0 3.7 
2.0 3.3 8.6 13.9 
2.7 1.1 4.6 7.~· 
1.3 p.7 3.4 5.fa 
7, 1 3. 3 20. I 30. 4 
4.3 0.9 9.1 14.3 
3.9 0.4 2.4 6.7 
3.4 0.9 6.7 11.0 
2.4 1.3 4,1-·· 7 .8 
2.6 3.3 ·i.9 10.8 
5.3 6.4"8.3 20.0 
3.3 4.3 3'~ 7 45.3 
3. 9 2 • 9 3 .'4,. l 0. 2. 
10.1 3.3 9,1'~.s 
4.o 1.9' 9.1 15:u. 
3.6 2.0 5.6 11.2 
6.0 3.3 14.3 23.6 
3.9 1':9 5.1 10.9 
3.6 2'.4 4.1 JO. I 
3.3 1.7 s.o 10.0 
3.0 J.4 5.4 9.8 
s.&-..S...f!..19.l 33.J 
4.9 3.3\7.0 15.2 
4.9 1.0 4,7 8.6 
4.1 2.3 3.3 9,7 
4,7 3.3 6.3 14.3 
3.4 2.7 7,6 13.7 
~ ~ 7.6 3.S 11.S 22.0 
x'i' 4.1 1.9 5.011.0 
x T 5.9 2.7 8.2 16.5 
7.6 3.0 15.2 25.8 
2.9 1.8 4.3 9.0 
5.3 2.4 9.8 17.4 
21.l 4,1 12.3 37.5 
3.5 2.1 3.0 8.~ 
12.3 3.1 7.6 23.l 
11.0 5.7 9.6 26.3 
3.3 J,7 7.1 12.l 
7.2 3.7 8.4 19.2 
6.8 4.9 16.4 28.l 
3.7 5.3 6.9 15.9 
s.2 s.1 11.7 2i.o 
.. 
I 
. 
·' 
( 
" 
., 
\ 
.i 
I 
.. 
Apprndix 7~4b (continued) D. prnrnmrrn: Insect counts per t1op per dAy for indi•iUunl trees, means 
for male, femAle and all trees. Sompling Interval In brackets (in dAys). 
Col left ion 
\rPP !\(O) [2(7) \1{7) \ [4(10) 15(7) 
rod P_C"'-'--'-H'-----_D"----'-T- _c'------""-1!---'D __ T'-- _c.=..--'-1!'--~D'-----_ _;_T _ C::.__;_;_l! _ _.=;.o _ __,1_·. __ c:;:__c;:H _ __:D;___To__ 
8.5 1.6 21.4 31.5 5.7 1.9 11.I 22.7 
7.9 6.9 12.2 27.0 1,,4 3.1 l!.3 !8.8 
7. 5 4. 7 7 . 9 20. 1 5. 1 l. 7 9. 9 16. 7 
4.9 3.6 14.4 72.9 3.7 1.3 8'.7 11.7 
4.9 3.3 5.4 13.6 6.3 1.9 23>6 ~l.8 
6. 7 2. 3 4. 9 1'3. <J 7 . 4 l . 9 4. 7 14. 0 
6. 6 3. 7 28. 6 lfl. 9 4. 9 2. 3 12. 7 19. 9 . 6'i>2. 1 
4.2 3.5 16.l 21.8 3.7 4.3 11.9 1~.9 192.4 
5,1 3.2 22.8 31.1 3.4 2.7 13.1 19.2 1•1.9 
4.6 2.6 24.5 17.2 1.7 3.9 11.6 17.2 287.0 
5.6 2.8 13.6 22.0 3.0 1.3 9,3 13.6 245.3 
O' 21 
'il 
48 
5 
27 
26 
42 
M1 
.f' 1, 
1) 
! J 
! 2 
! 7 
14 
28 
4'i 
l'i 
6.5 3.2 12.5 22.2 
4.8 R.5 10.0 21.3 
10.0 3.6 7.4 21.0 
4.6 3.0. 7.1 15.l 
l.5 2.8 8.6 !4.9 
0>.b \,5 'i,l 12.2 
!1.2 3.4 12.0 28.6 
2.5 \.] 2.8 6.6 
4.2 0.8 5.5 10.5 
5.0 2.5 6.7 14.2 
4.8 l.4 6.9 l'i.1 
15.6 3.4 28.7 47.7 8.9 1.0 17.4 25.3 
12.1 4.0 7.9 23.9 5.1 3.3 6.0 14.4 
1.9 2.0 3.2 9.1 1.0 3.1 8.7 14.8• 
6.9 2.4 8.6 17.9 4.61.3 6.0 11.9 
4.1 12.3 11.4 28. 7 5.0 2.2 8.3 15.6 
4.R 6.1 12.8 21.9 6.3 2.3 6.3 14.9 4,7 3.1 11.7 19.5 
'i.O !.6 4.0 10.6 9.2 3.2 7.9 20.3 7,4 3.3 9.4 20.l 
4,0 1.5 4.8 10.1 6.3 1.9 4.7 12.9 6.1 3.9 5.7 15.7 
11.0 1.5 9.2 21.1 11.4 5.6 4.1 21.1 g,o 3.6 16.4 29.0 
2.1 3.0 2.7 B.O 7.3 2.8 6.0 16.1 3.3 1.4 6.9 11.6 
Ii.() I. l 2. 3 9. 4 . 12. 2 l. 9 11. 6 2 5. 7 5. 9 I. 9 13 .. Q, 20. 8 
4 . 2 1. 5 'i. 7 11 . 4 6. 4 I. 7 12. 4 20. 5 3, 4 l. 3 5. 4 )1 O. I 
3.5 2.3 6.9 12.7 ·5.6 2.3 7.5 15.4 5.1 3.3 12.6 21.0 
2.3 0.7 2.3 5.3 5.0 5.6 2.3 12.9 -
5. 1 l . 7 17 ,1 21. 9 l 78. 8 
7.0 2.4 10.6 20.0 424.6 
6.1 1.6 7.4 15.1 
8.1 4.7 14.3 27.l 
3 . 5 l. 6 l 9. l 2 4 . 4 2 • 0 l. 4 11. 6 l 5. 3 200. 2 
4.6 1.5 12.3 18.4 2.9 2.7 6.4 12.0 173.l 
28. 7 1.0 10. l 39.8 2.4 1.1 13.3 16.8 228.9 
3.1 2.6 9.8 15.5 2.9 2.6 9.1 !4.6 159.9 ' 
1.1 10.3 23.0 16.4 
5.3 2.6 9.4 17.3 
214.6 
192.4 
4,9 2.0 21.2 28.1 
5.8 2.0 12.3 20.1 
4.5 2\1 11.2 17.9 4.4 1.7 13.7 19.8 144.3 
9.4 5.7 19.2 14.3 6.4 3.1 23.0 32.5 3Q9.5 
4.1 2.7 9.3 16.1 2.7 3.3 12.3 18.3 180.8 
6.3 2.0 19.5 21.8 1.1 1.1 4.3 9.7 191.4 
11.3 1.7 8.2 21.2 2.6 0.7 14.1 17.4 180 .. 0 
6.3 2.9 24.2 33.4. 4,9 2.0 18~7 25.6 209.6 
105.8" 
i rJ 5.9 3.1 6.8 15.8 
i ~ 4.8 2.4 5.6 12.8 
i T 5.4 2.8 6.3 14.5 
6.5 4.5 11.4 22.4 5.4' 2.3 10.7 18.4 4.8 2.6 16.2 23.6 3.6 2.4 11.6 17.6 
7.5 3.0 6.9 17.4 5.6 2.7 10.I 18.4 6.6 2.7 15.7 25.0 4.1 3.1 14.9 22.1 
7 .O 3.8 9.2 20.0 5.5 2.5 10.4 18.4 ''5.8 2.6 16.0 24.3 3.9 2.9 13.3 20.1 
" 12 collections only 
•. 
'· 
( 
J 
\ ( 
' 
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Arprn<llx 7-4r L. J~rfPRnR: ln•ert counts rrr trnp rrr day for individual trees In 1982, means ~ for frmale, male, all flowering (mnle Rnd female) Rnd non-flowering trres. 
Sampling Interval (days) In brRckets. 
Trf"' 
{flrlf' 
a lh 
\.I 
4,8 
~ 1< 
<:I 
ll 
n. t 
I ( l) 
C ll D T 
R.l A.0 19.0 3'>.3 
h,l 6.0 10.7 21.0 
4,0 4,0 14.0 22.0 
7,1 10.] 21.0 40.6 
\,0 6.1 22.7 12.0 
'i.2 h, l h. l I l.0 2'\,6 
11.r, 2,7 2,7 14,] \9,7 
x iS h,2 h.O 14.h 2h.8 
x 'f '\. 2 R. l 2 2. 9 lf>. A 
x o•~ 5.8 6.9 17 .9 10.6 
x n.f 4.5 4,5 11.7 22.7 
2(1) 
Collection - 1982 
3(1) 
c H D T 
l I . 0 8 °'.' 7' 34. 7 54, 4 
9.3 2.7 13.0 25.0 
30.7 1.3 18.0 52.0 
6.1 3.7 33.0 43.0 
1.7 I'.7 20.0 25.4 
4,0 0.3 20.0 24.3 
3.7 3.3 17.0 24.0 
17.0 4.9 21.9 41.8 
5.0 2.7 2h.5 34.2 
12.2 4,0 23.7 39.9 
3.9 1.8 18.5 24.2 
C ·, H D T 
11.0 ':ho 11.0 47.o 
7,0 1.0 28.l 36.0 
7.7 5.0 25.7 38.4 
8.7 6.1 4).7 60.7 
6.0 4,0 46.0 5h.O 
~ 
6.1 0.6 17.3 24.2 
7.7 1.0 20.0 28.7 
8.6 4.5 29.0 Z2.l 
7,4 '),2 45.9 5A.5 
8.1 3.9 35.7 47,7 
7.0 0.8 18.7 26.5 
c T 
14.0 5.3 18.0 37.3 
15.7 2.7 14.7 13.l 
9.0 2.7 9.3 21.0 
9.0 3.0 7.3 19.l 
1.1 '>.3 6.7 i5.3 
7.7 2.3 6.7 16.7 
12.0. 4.0 12.0 28.0 
12.9 3.6 14.0 30.5 
6.2 4.2 7.0 17.4 
10.2 J.8 11.2 25.2 
9.9 3.2 9.4,22.5 
5( ',) 
c H D T 
5.8 
10.fl 
1.8 
1.8 15.6 23.2 
l.6 13.8 26.2 
1.6 7 .o 12.4 
5.4 1.8 11.6 18.A 
3.4 2.2 10.A 16.~ 
5.8 1;0 14.0 22.8 
5.6 2.0 7.6 15.2 
5.8 2.8 8.0 16.6 
6. 8 I. 2 12. 1 20, 1 
4,9 2.3 12. l 19. 3 
5.9 2.0 12. l 20.0 
5.7 2.4 7.8 15.9 
1983 Collect ion 
c 
<S lh 10.0 
3. l 7 .6 
4.8 13.2 
6( ',) 
H D T 
1.8 21.6 3),4 
2.8 9.4 19.8 
2.6 15.0 30.8 
~· 35 6.8 3.8 17.2 27.,B 
Cl 5.2 2.2 35.8 43.2 
13 7.2 7.2 29.5 43.4 
n. f 
1.2 4.0 0.8 39.6 44.~ 
13.5 3.2 3.2 17.2 23.6 
light & 
f;m 
fan 
only 
]( O' 10.3 2.4 15.3 28.0 
x ~ 6.4 4.4 27.5 32.3 
x 3'+ 1'- 8.3 3.4 21.4 33. l 
x n.f 3.6 2.0 28.4 34.0 
1982 Co!lection 
7(5) 
C H D T 
3.0 1.6 22.4 27.0 
6.2 2.0 15.2 23.4 
4.o 1.6 15.4 21.0 
5.6 1.6 23.2 30.4 
3.4 1.2 36.4 41.0 
5.0 \,4 16.6 23.0 
3.6 1.2 4.4 9.2 
5.8 1.6 28.4 35.8 
4.4 1.7 17.7 23.8 
4.7 1.4 25.4 31.5 
4,5 1.6 21.5 27.6 
4.7 1.4 16.4 22.5 
8( 4) 
c H D T 
7.8 2.3 27.5 37.6 
7.5 1.0 15.8 24.3 
10.5 2.0 26.0 38.5 
5.0 3.5 15.0 23.5 
6.5 1.3 46.8 54.6 
3.8 1.5 20.0 25.3 
2.8 1.5 21.5 25.8 
3.0 2.0 79.0 84.0 
8.5 4.5 1319.5 1337.5 
0.5 o.o 27.0 27.5 
8.6 1.8 23.l 33,5 
5.1 2.1 27.3 34.5 
6.9 1.9 25.2 34.0 
2.9 1.8 50.3 55.0 
Tree 
34 
07 
35 
5.2 
33 
3.6 
HI 1 
C H D T 
II.I 1.9 6.2 19.2 
4.1 l.3 9.6 14.'9 
2.6 1.3 4.9 8.9 
1.7 2.3 4.2 8.1 
3.3 1.3 4.4 9.0 
3.2 1.4 3.5 8.1 
4.5 0.8 5.9 11.l 
3.2 1.4 5.4 10.0 
•'-· 
. , 
\ 
, . 
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Appendix 7-5a N. dealbata: Pollen densities per insect (p/i in 
brackets) and total pollen (p = p/i x total insect 
density) for 5 male and 10 female experimental trees. 
Figures represent polleh per trap per day. Sampling 
' interval (days) is given with ~ollection number. 
Pollen was trapped from period 2 onwards. 
Collection 
Sampling interval 
(days) 
Tree code 
(j 6 
83 
1 I 1 
113 
~ 92 
59 
84 
•78 
24 
39 
B 
c 
D 
112 
x p ~ (n 2-5) 
x p/i ~ (n 10) 
x p ~ (n = 6) 
~ . (n = 11) 
2 
6 
699.74 
(11.8) 
406.08 
(9.6) 
14.27 
3 
6 
568.94 
( 1. 35) 
375.80 
( 1. 6) 
4 
6 
3.43 
(0.05) 
0.0 
(0.0) 
0.0 
(0.0) 
5 
7 
o.o 
(0.0) 
1.87 
(0.22) 
o.o 
(O.O) 
6 
1 
0.44 
(0.05) 
o.o 
(O.O) 
0.0 
(O.O) 
7 
7 . 
o.o 
(0.0) 
o.o 
(0.0) 
- o.o 
(O.O) (0.87) (0.0) 
4.95 
(0. 23) 
0.0 o.o o.o (O.O) (0.0) (0.0) 
o.o 
(O.O) 
3.7 o.o o.o (O.O) (0.32) (0.0) 
72.15 
(9.25) 
72. 27 
( 1. 98) 
0.0 
(0.0) 
o.o 
(0.0) 
2.04 4.23 1.20 o.o 
(0.17) (3.30) (0.05) (0.0) 
33.00 10.67 o.o 1.62 
(1.50) (8.00) (O.O) (0.17) 
1.77 5.31 
(O.iO) (0.45) 
1.31 1.70 I 
(0.17) (0.10) 
2.00 
(O.;t5) 
0.60 
(0.03) 
1.40 2.53 o.o 
(0.13) (0.22) (O.O) 
0.84 
(0.07) 
0.41 
(0.02) 
0.25 
(0.02) 
16.24 
( 1. 32) 
9.63 
( 1. 25) 
o.o 
(O.O) 
o.o 
(0.0) 
6.83 
(0.33) 
373.36 477.40 
12. 94 11.26 
7.42 7.85 
1. 28 1.56 
o.o 
(0.0) 
0.08 
(0.05) 
o.o 
(O.O) 
3.35 
(0.1) 
1.68 
0. 72 
0.06 
0.04 
2 .15 
(0.13) 
o.o 
(O.O) 
o.o 
(0.0) 
o.o 
(0.0) 
o.o 
(O.O) 
o.o 
(O.O) 
15.50 
(1.1'8) 
1.39 
1.93 
0.14 
0.15 
o.o 
(0.0) 
o.o 
(O.O) 
o.o o.o 
(0.0) (0.0) 
0.43 o.o 
(0.05) I (O.O) 
o.o 
(O.O) 
o.o 
(0.0) 
o.o 
(0.0) 
o.o 
(O.O) 
0.6 o.o 
(0.05) (O.O) 
o.o 
(O.O) 
o.o 
(0.0) 
o.o 
(0.0) 
o.o 
(O.O) 
o.o o.o 
(O.O) (O,.O) 
o.o o.o 
(O.O) ·, ·· (0.0) 
0.09 
0.10 
0.01 
0.01 
o.o 
o .. o 
o.o 
o.o 
Calculation of average pollen (p) densities per trap per 
day for all experimental male (6) and female (11) trees: 
average pollen/insect (p/i for sub-popylation) x total 
insects for co~plete population: 
188.70 11.70 1.84 1.50 0.07 o.o 
16.38 23.87 0.61 1.52 
0.08 o.o 
.. 
... 
) " 
Apprndix 7-5b D pentnmerR: Pollen densities per insect ( p/ i. in brackets) nnd totnL pollen 
~· ( p; p/i x tot\'!! insects) for mole trers 
for each collection period. Fignres 
represrnt pollen per trap per day. Sampling interval is givr'n in days with 
the collertion number. *These trees sampled from collPrtion A only. 
Male n 23 4fl 27 26* 50* 51* 5* 40* 
42* 22* x p/i x p 
tref'S 
Col lPction/ I 
ch\ y s 
1/3 (0.07) (0.0) (O.Ofl) (0.00) 
0.04 
o. 5) 
fl. ;11 o.o o. 'il 1:1.fl 
211 (0.11) 0.44) (0Jl5) (0. 22) 
1.4 7 
l.OCJ 274.'> O. lfl 2.44 
69;53, 
l/2 (Cl.0) ( 4. 52) (0.22) (0, 11) 
1. 21 
91. 71 
ri.n 179.7 1.9() 1. 21 (l.l.'l 
.i,11 ( (l, ll~ ( 1. 28) (I).",()) (D.06) 1. SU 
o.o 1 7. 5 J.81 (),{J4 4.92 
·,n ( (J.0) ( 19. 11) (0.14) \0.18) 294.63 
o.o 1174.55 2 .41 l. 57 12.93 
r,13 (0.17) ( 50. 55) (0.08) (0.93) 801 .29 
1.07 3169.49 0.46 34.13 2.04 
717 (0.04) ( 1.48) (6.23) (01·42) (,(,, 60 
0. 28 153.77. 107.78 4.58 
8/7 (0.22) ( 3. 24) (5.02) (0.56) (0. 54) (6.41) (6.16) (S.97) 
(0.61) (0.28) (2.02) ~ 
1. 50 127.61 414 .15 8.68 20.25 419.2 
379.46 164.77 2.81 1.85 24.64 
'TI.(,3 
.4:)17 (0.40) (2 .05) ( 1.46) (0. 19) (0. 17) ( 1.26) (0.63) (0.21) (3.08) 
(0.41) (0.25) 0.92 
1.48 73.80 28.32 1.98 5.37 65.39 
29.61 6.64 1 7. 56 17,14 2 ,4'i 
22.70 
, 
10/7 (0.18) (0.21) (2.17) (0.02) (0.06) (0.38) 
(0.16) (2.00) (0.14) (0,47) (0.07) 0,55 
4. 14 11.24 • 43,40 0.20 1.35 18.20 
7 .84 90.6 l. 57 7 ,05 1.65 
17 .02 
11 /6 (0.23) ( 31.15) (1.16) (5.56) (0.45) (5.20) 
(0.70) (0.26) (0.53) ( 1.15) ( l. 52) 4,36 
3.47 691. 53 17.75 67.83 12.87 121.16 
14.70 3.87 5.57 7 .59' 21. 58 
87.99 
12/7 (0. 31) (0.62) (0.47) (0.82) ( 1,09) 
(0.89) (0.02) (0.49) (0.17) (0.12) (0.20) 0.47 
8.90 20. 77 I0.76 22.16 51.99 
24.03 0.40 6.66 . I. 55 2.87 3.58. 
13.97 
13/7 (l.74) (4.84) (0.87) (0.17) (0.36) 
(3.08) (0. 54) (S.04) (0. 71) ( 3.69) (0.24) 1.93 
27 .14 109.87 11.92 2.38 9.11 
57 ,90 9.02 160.27 10.51 53.14 2.86 
41. 28 
14/10 (0.05) (0.11) (0.09) (0.01) (0 .. 04) 
(0.22) (0.12) (0.07) (0.01) (0.01) (0.00) 0.07 
o. 78 4.28 1.55 0.15 1.08 
5.24 3,73 1.54 0, 18 0.24 (0.00) 
l. 71 
15/7 (0.03) ( 0.01) (0,0) (O.O) (Q,01) 
(0.03) (0.01) (0.00) (0.03) (0.01) (0.03) 0.01 
_0.44 0.20 o.o o.o 0.20 
0.60 0.19 0.00 0.36 0.15 a.so 
0.24 
., 
x 
~ 
1 
., / 
i 
) 
Apl'Pndix 7-'ih (continued) 0. pPntamPrn: Pollrn drnsitle" per Insert (p/i; in brackets) end totnl 
pollen (p = p/i x total lnsrrts) for female trPrs for earh cnllrctinn 
period. FlgurP~ represpnt pollen per trap pPr dny. Snmpling intrrval 
ic; g1vrn in dRys with thP collection numbf>r. *TreP 17 snmpled from 
collection 8 nnlv. 
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t rPf'C: 
('11 l 1 rc ti qn/ 
!LlYS 
l /1 
2 ' ' 
1/2 
l~ I l 
~)/ 1 
7 /7 
K/7 
'1/7 
lfl/7 
l l/7 
12/7 
11/7 
14/10 
15/7 
(0.01) (0.05) (0.07) (0.00) 
(1,4Q 0.60 
(0.19). (0.06) 
o.o 
co:oo) 
O.fi5 
(0.01) 
0. 'iO 0. 2R . (1,0 
(0.0fl) (0.11) (0.07) (0.00) 
o.oo 
(0. 20) 
I.fl 
(0. 21) 
I. 74 
(0.41) 
7.74 
(I.OS) 
15. 33 
(0. 37) 
13.34 
f.0.%) 
1. 37 
(0.28) 
4. 73 
(0.15) 
I. 5 
(0. l l) 
I. 57 
( 2. 11) 
25.32 
(0.17) 
2.26 
(0.44) 
0.39 
(0.00) 
0.00 
(0.00) 
0.00 
(0.08) 
0.37 
(0.03) 
0.17 
(0.42) 
2. 73 
(0. 22) 
o.o 
(0.08) 
o. 51, 
(0. )fl) 
o. 76 
(0.06) 
Q,47 
(0,03) 
0.33 
(0.04) 
0.37 
(0.07) 
108.83 13.38 
(0.04) (0.09) 
1.19 0.76 
(0.11 )· (0.00) 
3.87 
(4. 54) 
2.98 
(4.53) 
1.08 
(0.10) 
6.0S 107.36 1.03 
(0.26) (7.1~) (0,4S) 
':/ (~:~~ 
0.36 
(0. 15) 
16S.82 
(0.01) 
11.os 
l Sl.08 
(0.16) 
S.81 
( 1. 23) 
4 ,64 19. 31 
(0.04) I (0.00) 
1.37 a.so 
(0.11)' (0.00) 
0.33 o.oo 
0.0 
(0.21) 
1.11 
(0.05) 
0.6S 
(0.00) (0.00) (0.00) (0.00) 0.02 
o.o o.o 
(0.00) (0.00) 
n.n o.o 
n.o 
(0.00) 
0.0 
0.0 
(0.00) 
0.0 
0.04 
co.on) co.oo) co.nnJ (O.OO) 0.01 
o.o o.o 
(0.03) (0.00) 
0. 12 0.0 
(0.09) (0.00) 
0. 77 o.o 
co.on) 
0.00 
(0.26) 
(0.29) 
1.83 
(0.03) 
0.15 0.22 
(0.11) (0.00) (0.13) 
0.97 0.0 0.65 
(0.14) (0.36) (0.17) 
2.00 3.96 1.14 
(0.10) (0.03) (0.06) 
1.52 0.29 0.52 
(0.31) (0.08) (0.08) 
2.48 0.91 0.7S 
(1.10) (0.07) (0.13) 
18.36 1.44 3.34 
(0.03) (0.02) (0.04) 
0.35 0.20 0,83 
(0.00) (0.09) (0.02) 
o.o 1.91 0.56 
'(0.50) (0.01) (0.00) 
2.38 0.17 o.o 
0.0 
(C1.00) 
o.o 
(0.00) 
o.o 
(0.00) 
o.oo 
(0.00) 
0.00 
(0. SI) 
4.23 
(0.01) 
o.o 
(0.06) 
0.07 
(0.03) 
0.42 
(0. 55) 
4.35 
(0.01) 
0.05 
(0.02) 
0.16 
(0.28) 
0.08 2.18 
(0.02) (0.06) 
0.20 
(0.01) 
0.32 
(0.01) 
0.20 
(0.05) 
1.01 
(0.04) 
a.so 
(0.5) 
8.65 
0.86 
(0.45) 
5.72 
(0.07) 
I.OB 
(0.06) 
1.26 
(0.04) 
1.34 
(0.38) 
9. 73 
0.08 
<j. 12 
0.19 
0.44 
0.20 
0.29 
0.06 
I. IS 
1.03 
0.24 
0,05 
0.13 
,349 
0.22 
O. 'iS 
0. 22 
0.81 
0.65 
2.04 
S.20 
1.55 
4.23 
0.87 
25.30 
20.liS 
4.21 
1.28 
2.70 
" 
\ 
. --~ 
Appendix 7-5c L. leefeana: Pollen densities per insect -
t• .. :. 
.,. 
<i 
p/ i (in brackets) and total pollen 
4 p (p/i x total insect density) for 2 male 
•· \ ;.-, and 2 female Figures ;'< trees. 
represent 
pollen per trap per day. Sampling interval 
(days) given with collection number. 
*Dam13ged pollen. 
\ 
Code C~llections 
3/3 4/3 5/3 6/5 
' 296t 36 51. 7 8.35 4.68 ( 1. 1) (79 4) (0.36) (0.14) 
3.1 * 13 ~124 * * 
!1 (0~4) 
,: I 
l;.1 
'f 
-;~· 35 * *' 9.40 
6.67 
'•f I co.42) (0.50) 
~\ 
33 * * 
5.47 1. 74 
i, (0.24) (0.04) ~ 
x p d' 51. 7 148b.4 8.35 4.68 I 
~ * 1* 7.44 4.21 
x p/i 6' = 1.1 139.9 0.36 0.14 
~ = * * 0.37 • o. 23 
$ ••<\ \ '• ) 
•' 
\ 
·., 
.. 
I 
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Apprndix 7-n~ N, deal bat a: Pollen densities wasl1ed from 
1 ma jot~ orders 
of flying in~ects: Co 1 eopera, Hymenoptrra and Di pt era. 
Ohsnvations for male and female trees. •High densities 
contributed hv A. mel lifera. 
~. ·' 
rrPe code Pollen grains per insect 
Total observations 
3 4 s 
l· (. 
l, 
Colf'optPra 
~ 21 0.0 o.o 
fl 8. 2 0.1 0. 3 
Rl 142.2 o.o 
Ill 3 .0 0.0 0.0 
3 
r ~~- 113 
o.o o.o 
0.0 
' 
~ q2 1 . 7 2.9 0.0 o.o 
4 
\I 2 11. 1 o. 2 0.0 0.0 
4 
<;q 1. R 0.0 0.0 
3 
R4 11.'i 1.0 o.o o.o 
·o.o 
7R fl.'i 2.R 0.8 0.0 o.o 
24 0.6 0.0 
19 o.o 1.4 0.) o.o ~ 0.0 
B ).0 0.0 0.0 0.0 
4 
c l .0 0.0 0.0 o.o 
4 
D 0.3 o.o 0.0 
3 
Hymenoptera 
~ • 6 106.0* 
83 259.0* o.o 
113 o.o 
if 92 3.0 
112 13.0 o.o 
84 240.0* 3.5 0.0 
3 
lil' 
'4 
98 4,0 1.0 1.0 
1.0 
39 1.0 o.o o.o 
3 
B 17.0 1.0 o.o 
3 
D 0.0 
Di pt era 
<3' 6 203.3 
R3 93.0 
111 19.0 
2 
;> 
if 92 109.3 36.0 
112 5.8 3.2 
o.o 
3 
f 
59 1.0 
84 9.3 o.o 
78 1.0 
'P 
24 2.0 
1.8 1.0 o.o ,. 
3 
'It, 
39 
\l ,O o.o o.o 
3 
B 2 
0.0 o.o c 
D 0.0 o.o 
o.o 
3 
r 
-~ 
,\ 
·1 
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''!l\'f'1ldix 7-hh n. rpnf,1~('r.9: Pollen <lensitif'S [or 1 mojor ordf'rS of flying inc;ects: ColenptPfA, 
11\mpnoptera and Dlptera. ObsNvations for male and female trees. •High pollen 
dPnsltles contributed by A. mriliferR (I) or a species of folletidae (2). 
f P'P code 
Col popt)4_n 
cf h 
21 
4.R 
27 
' / 
~ 12 
13 
4 
2fl 
l'i 
1,4 
14 
1'> 
I 7 
HymPnoptera 
6 
71 
4R 
27 
26 
12 
13 
4 
28 
35 
44 
34 
15 
Di ptera 
~ 6 
23 
48 
27 
s> 12 
13 
4 
28 
35 
44 
34 
IS 
Pollen densities obtRinPd when thnsP contrlh\1tinns are nmittrd nre givrn in 
hrarkets. 
0.3 
7 .0 
2 .o 
4 •. o 
0.1 
6.R 
0.3 
o.o 
0.1 
).R 
1.0 
n.o 
0. 7 
1.0 
31.8 
0.5 
1.0 
8.0 
Pollen grains per insect 
0. 2 
0,5 
0.3 
1.0 
0.5 
0.3 
4.8 
o.o 
0.0 
o.o 
0.0 
o.o 
o.o 
26.7 
1.0 
0.0 
0. 7 
2. 7 
0.4 
0.0 
0.4 
o.o 
0.9 
0.0 
0.0 
o.o 
Q.O 
o.o 
o.o 
7.8 
0.0 
o.o 
4 5 
0.0 
2.2 
o.o 
o.o 
o.o 
o.o 
o.o 
o.n 
o.o 
0.0 
0.0 
0.0 
19.9 
0.0 
0.0 
o.o 
0.0 0.0 
1.0 776.1•1 
o.o 
o.o 
210.6• 1 l.O 
33.0•2 0.5 
0.0 
o.o 
o.o 
0.0 
o.o 
o.o 
o.o 
2.5 0.0 
0.0 
r 1. 7 
1.0 
0.0 
o. 5 
17.3 
1.0 
0.6 
0.1 
o.s 
o. 7 
o.o 
0.1 
o:o 
0.3 
0.4 
0.0 
0.0 
0.0 
0.0 
o.o 
0.0 
17. 3 
0.2 
o. 2 
0.0 
1.0 
Ci.7 
0.0 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
95.0 
6.0 
4.0 
o.o 
1.0 
3.6 
o.o 
o.o 
o.o 
0.0 
o.o 
•. 
~-
o.o 
o.o 
2.7 
o.o 
o.o 
o.o' 
0.0 
0.0 
0.0 
q.o 
0.0 
o.o 
0.0 
18.0 
o.o 
o.o 
o.o 
6 
0.0 
0.0 
0.0 
0.0 
3.0 
6.0 
ft>tal observntic1r1s 
o.o 
n (I .OJ 
(0.0) 
A 
(0.0) 
h 
h 
4 
4 
'j 
4 
6 
4 
4 
4 
\ 
4 
4 
4 
2 
3 
4 
3 
3 
s 
6 
4 
3 
4 
s 
5 
4 
5 
4 
4 
4 
i: 
I 
\' 
·1. 
I. 
;, t 
:/ I', 
I\' 
.··t>' i~ .. 
~~ 
f 
I 
Appendix 7-6c .L. leefeana: Pollen densities for 3 major insect 
orders: Coleoptera, Hymenoptera and Diptera. 
Observations for 2 male and 2 female trees. 
Tree code Pollen grains per insect Total observations 
I~ 2 3 4 
Coleoptera 
a 36 3.7 14.6 3.5 0.8 4 
3.1 1.2 1 
<fl 35 3.1 1.8 
'//-, 2 
33 1.2 0.2· 
2 
Hymenoptera 
~ 36 1.2 9.0 1.3 3 
0 
'? 35 0.8 
1 
33 o.o 
1 ~ 
_,,.. 
Diptera 
a 36 3.0 6071.0 0.9 0.6 
4 
~ 35 10.8 
1 ' 
1 
33 0.1 
.. 
\. 
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,\ppenrl ix 8-1 Variables used in correlations between fec11ndity measures, pollen densities and male densities for female N. dealbata, 
L. 1 cpfcnna and D. pentamera. 
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Appendix 8-2 N. deal~ata: 
Probability values for correlations between fecundit~ and distance measures. 
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Appendix 8-3 L. leefeana: Probability values for correlations bet~een fecundity measures, pollen density dnd local male tree 
density ~-n 5-12 female trees. Reduced sample number indicated in brackets; all other cases n = 12. 
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Appendix 8-4 D. pentamera: Probability ·values for correlations between fecundity measur~s. 
pollen density and local male density for ~-9 female trees - (n 1nd1cated.1n 
rbrackets). • 
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Appendix 8-5 D. Pentamera: 
Cumulative pollen densities/per trap for each collection period for 9 female trees. 
The average distance (m) to the nearest 10 male trees (NlO) is also given. 
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HDFs calculated for malP, mlult and all tree's using 
fc>mi11C's with high and low fecundities RS initials 
for fl. prntampn1 and N. dealbat61. For explanation 
~ terms see Appendix 4. 
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Appendix 8-6 continued. 
N. dealbata (l9B2) 
Analysis of males using low fecundity,fcmales as initials 
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~ppcndix 8·-6 rontinu~d. 
N. defllo~tn (1982) 
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Analysis of males using high fecundity females as initials 
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N. dealbalta (l983)~ 
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Analysis of males using hig~ fecundity females as initiils 
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N. dealbalta (!981) 
Analysis of males using low fecundity females as initials 
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